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[bookmark: _Toc460490651]Executive Summary
The management of water quality remains an essential requirement to ensure the long-term protection of the coastal and inshore ecosystems of the Great Barrier Reef (the Reef). The land management initiatives under the Australian and Queensland Government's Reef Water Quality Protection Plan (Reef Plan) are key tools to improve the water quality entering the GBR with the goal “To ensure that by 2020 the quality of water entering the reef from broadscale land use has no detrimental impact on the health and resilience of the Great Barrier Reef.” This report summarises the results of coral reef monitoring activities, carried out by the Australian Institute of Marine Science (AIMS) as part of the Reef 2050 Plan Marine Monitoring Program (MMP) from 2005 to 2015.
[bookmark: _Toc334990031][bookmark: _Toc334990234][bookmark: _Toc393133558][bookmark: _Toc406143725][bookmark: _Toc437424399][bookmark: _Toc437424523][bookmark: _Toc437432453][bookmark: _Toc437432526]Methods 
The objective of the MMP is to assess status and trends in ecosystem health and resilience indicators for the Great Barrier Reef in relation to water quality and its linkages to end-of-catchment loads. The sampling design for the coral reef monitoring component was selected for the detection of change in benthic communities on inshore reefs that could be related to observed changes in water quality. Within each of four Natural Resource Management (NRM) regions: Wet Tropics (comprising three sub-regions), Burdekin, Mackay Whitsunday and Fitzroy, sites were selected along a gradient of exposure to runoff to ensure coverage of communities occupying a range of environmental conditions. In 2015 the water quality component of the program was amended to provide added sampling intensity across gradients within Wet Tropics, Burdekin and Mackay Whitsunday regions. This change included the more direct alignment between the wet season flood monitoring and broad scale water quality programs (reported separately in Lønborg et al. 2015). This change to the water quality program will enhance the ability to detect change in the regional water quality, however, it comes at the cost of ceasing in-situ water quality sampling in the Fitzroy region.
Until 2014, coral reefs sites were designated as either ‘core’ or ‘cycle’ reefs. At the 14 core reefs, surveys of benthic communities were undertaken annually with instrumental and direct water sampling undertaken at co-located stations. The 18 cycle reefs were visited every other year for surveys of reef status only. Originally, cycle reefs were sampled each year (2005 and 2006), however, in 2007, as a result of funding reductions, the sampling frequency was reduced to every other year. In 2015, the sampling frequency of all reef sites was reduced to every other year as a cost-effective way to maintain spatial coverage and track long-term trends in community condition, and the sediment analyses were discontinued. The long-term coral reef monitoring program (LTMP) at AIMS has been monitoring three inshore reefs in each of the Wet Tropics, Burdekin and Mackay Whitsunday regions. The LTMP uses comparable methods to MMP and in this report these additional time-series of are included into the MMP reporting and report card scores.
[bookmark: _Toc393133559][bookmark: _Toc406143726][bookmark: _Toc437424400][bookmark: _Toc437424524][bookmark: _Toc437432454][bookmark: _Toc437432527]Trends in key ecosystem health indicators 
In this report we present temporal trends in coral reef condition indicators. Each of the five indicators; coral cover, hard coral community composition, macroalgae cover, juvenile coral density and the rate of coral cover increase are converted to metrics of a common scale to facilitate their combination into a coral index. For each NRM region the coral index provides a summary of the status and trend in coral community condition at inshore coral reefs (Figure 1). A suite of water quality indicators are similarly combined to summaries status and trend in marine water quality (Figure 1): Detailed water quality reporting is provided in a separate report (Lønborg et al. 2015), 
The water quality index in the Wet Tropics Region has a ‘good’, though declining, score in recent years (Figure 1). It is pertinent to note at this point that the regional water quality index is currently based on a selected set of variables for which GBR water quality guidelines are available. The index as reported here represents the sampling design of the MMP up until 2014. While it does provide a valid estimation of water quality condition, it is important to emphasise that a more comprehensive sampling program was adopted in 2015 aimed at improving the monitoring and reporting of water quality trends. 
The 2015 assessment of the coral index for the Wet Tropics is ‘moderate’ and represents an improvement from a low point recorded in 2013 (Figure 1). 
In both the Barron-Daintree and Johnstone Russell-Mulgrave sub-regions high levels of coral disease were observed in 2010 and 2011, followed by outbreaks of crown-of-thorns seastars (COTS), both are stressors with potential links to elevated nutrient and or turbidity associated with runoff. Physical damage occurred during the passage of tropical cyclones at most reefs with the cyclones Larry (2006), Tasha (2010), Yasi (2011) and Ita (2014) variously reducing coral cover at reefs across the region. In tandem with the loss of coral cover was an increase in the cover of macroalgae at several reefs. The proliferation of macroalgae indicated that, despite the water quality being scored as “good”, water quality at these reefs was sufficiently poor to promote macroalgal growth. 

In both the Johnstone Russell-Mulgrave and Tully Herbert sub-regions, in the absence of any acute disturbance events, scores for the majority of indicator metrics have improved over the last two years (Figure 2). Improvement across a range of indicators provides a positive indication of community resilience. Coral communities in the Barron-Daintree sub-region were affected by Cyclone Ita in 2014 and are yet to show clear recovery. In the past, these reefs demonstrated the ability to recover from acute disturbances with index scores increasing to ‘good’ in 2008 (Figure 2). 


[bookmark: _Toc437423846][bookmark: _Toc437424025][bookmark: _Toc437424287][bookmark: _Toc425851959]
[bookmark: _Ref438116666][bookmark: _Toc437597622][bookmark: _Toc460490770][bookmark: _Toc437424288][bookmark: _Toc437432342]Figure 1: Coral Index and Water Quality Index. 
[bookmark: _Toc437597623]The regional coral index aggregates scores for coral cover, proportional cover of macroalgae, density of juvenile corals, the rate of coral cover increase and change in coral community composition. Colours for the coral index classify condition as: red= very poor, orange= poor, yellow= moderate, light green= good, dark green= very good. The water quality index aggregates scores for five indicators: concentrations of particulate nitrogen, particulate phosphorus, nitrate and nitrite, chlorophyll, and a combined water clarity indicator (suspended solids, turbidity, and Secchi depth), calculated as the mean of the proportional deviations of each indicator from Guideline values, with the boundary between a good and a moderate score being the respective guideline value (see Lønborg et al. (2015) for a detailed description of the derivation of water quality scores).

The overall condition of the water quality in the Burdekin Region showed initial improvements at the start of the monitoring program and has declined slightly over the last several years though retains an overall index score of ‘good’ in 2015 (Figure 1). There has, however, been a noticeable increase in both NOX and turbidity levels though these are offset by improvements in other indicators. Despite the ‘good’ water quality index scores, regionally low coral cover as a result of wide-spread disturbances, in particular cyclone Yasi in 2011, coupled with slow rates of coral recovery and low densities of juvenile corals resulted in a decline in the coral index to a low point in 2012 (Figure 2). The recent upward trend in the coral index does, however, indicate some improvement in the condition of coral communities with condition poised on the boundary between ‘poor’ and ‘moderate’ classifications in 2015 (Figure 1).
Historically, inshore reefs in the Burdekin Region have demonstrated low recovery potential following widespread loss of corals. This low recovery potential appears linked to a combination of water quality-related pressures and limited connectivity between these reefs and coral communities further offshore that limits the supply of coral larvae. Suppression of coral communities as a result of poor water quality is indicated by observations of high levels of coral disease that coincided with the change from a period of low flow from adjacent catchments to consecutive years of flooding. The ongoing availability of elevated nutrients is indicated by persistently high cover of macroalgae on many of the reefs in this region. Improvements in reef condition through to 2015 are due to slight improvement in the density of juvenile corals and the rate of coral cover increase along with a gradual return of species sensitive to poor water quality. These combined observations suggest a reduction in the chronic pressures associated with water quality in recent years during which inflows from the catchment have been low. .
The coral index in the Mackay Whitsunday Region maintained a ‘moderate’ score though it has continued to improve from a low point reached in 2012 (Figure 1). The positive attributes of moderate to high coral cover coupled with regionally low cover of macroalgae and increasing densities of juvenile corals balanced the low rate of coral cover increases (Figure 2). The influence of prevailing environmental conditions such as high turbidity, nutrient availability and sedimentation have clearly selected for coral species tolerant of those conditions and this, in combination with a lack of recent severe disturbance events, explains the relatively high and stable coral cover in this region despite observed declines in water quality. The ongoing selection against corals sensitive to poor water quality is indicated by increased levels of coral disease and declines in the density of juvenile corals that coincided with elevated discharge from both local rivers and the large rivers in neighbouring regions. Recent increases in both coral cover and juvenile density observed since 2012 further indicate the tolerance of the coral communities to the region’s water quality. What remains largely untested is how resilient these communities will be if exposed to a severe disturbance event. The slow rate of coral cover increase in this region suggests recovery from any such disturbance may be slow. 
Coral communities in the Fitzroy Region have been severely impacted by a series of disturbances from thermal bleaching in 2006, through multiple storm events and repeated major flooding of the Fitzroy River. The influence of flooding on the water quality within the region largely explains the variability in the water quality index (Figure 1) and contributed to the decline in the coral index through to 2014. The 2011 flood had a severe impact on reefs inshore of Great Keppel Island by killing the majority of corals to depths of at least 2m below low tide, with negligible recovery from this event to date. Elsewhere, the resilience of coral communities was compromised by a persistent bloom of macroalgae and occasional high levels of disease since high water temperatures in 2006 bleached and killed corals across the region. In addition, the density of juvenile corals has been consistently low across the entire region – an observation likely linked to the high cover of macroalgae. Both the prevalence of disease and persistence of high macroalgae cover (Figure 2) provide a clear indication that nutrient levels have played a role in inhibiting the coral community’s resilience to recent disturbances. The improvement of the coral index to ‘poor’ in 2015 represents the first signs of recovery of the coral communities with the return to lower loads of sediments and nutrients entering the Reef from the Fitzroy River.


[bookmark: _Ref438116746][bookmark: _Toc437423847][bookmark: _Toc437424026][bookmark: _Toc437424289][bookmark: _Toc437597624][bookmark: _Toc460490771][bookmark: _Toc393133560]Figure 2: The regional Coral Index with contributing indicator scores. 
[bookmark: _Toc437424290][bookmark: _Toc437432344][bookmark: _Toc437597625]The regional Coral Index is derived from the aggregate of metric scores for indicators of coral community health through time within each (sub) region. The contributing indicators are described in Methods Summary; their metric score calculations are detailed in section 6

[bookmark: _Toc406143727][bookmark: _Toc437424401][bookmark: _Toc437424525][bookmark: _Toc437432455][bookmark: _Toc437432528]Conclusions
In this report the metrics contributing to the coral index have been revised to more specifically represent aspects of coral community resilience. These revisions are subtle and do not greatly alter the scoring compared to the previous metrics used to calculate report card scores. What is clearly apparent is that the cumulative impact of multiple disturbance events, including tropical cyclones, outbreaks of crown-of-thorns seastars, coral bleaching and a period of high discharge and associated nutrient and sediment loads, have combined to cause declines in coral community condition through to 2012-2014, depending on the region. Collectively, changes in the revised resilience indicators (proportion of macroalgae in benthic algal communities, density of juvenile corals, change in coral cover), were broadly similar among regions and across environmental gradients and declined to low levels following a prolonged period with high volumes of runoff to the Reef lagoon. This consistent response affecting a diversity of indicators demonstrates the importance and the broad ‘footprint’ of runoff within the inshore Reef lagoon. Improvements in the coral index in all regions in 2015 coincided with low levels of runoff entering the Reef and built on improvements recorded in 2014. 
The reversal in the declining trend in the coral index provides some guidance for the distinction between catchment loads that caused community decline compared to the more recent period of reduced loads due to reduced rainfall and runoff, which have fostered improved community resilience. It is increasingly apparent that, within a location, stress to coral communities is most obvious during extremes in environmental conditions that expose corals to conditions beyond those to which they are either adapted or acclimated. Links between coral disease, poor rates of increase in coral cover and declines in the community composition metric all point to water quality pressures experienced either during, or in the period of months following major floods as being sufficiently removed from ambient conditions to select against sensitive species on a site-by-site basis. The challenge will be how to reduce runoff loads during inevitable future flood events to limit the impact to coral communities.
In addition to the direct effects of changed water quality observed on inshore reefs reported here are larger-scale or indirect potential impacts of water quality on the Reef. Recent research into the interactions between water quality and climate change suggests that corals tolerance to heat stress and ocean acidification is reduced by exposure to contaminants including nutrients, herbicides and suspended particulate matter. The initiation of COTS outbreaks have also been linked to increased nutrient loads delivered to the Reef lagoon during major flood events. Observations from the MMP water quality monitoring program demonstrate large-scale and persistent changes in the water quality following the high loads nutrients that entered the reef over the period 2008-2013. In particular, concentrations of dissolved organic carbon, dissolved nitrogen and turbidity levels have increased in all regions. These findings show that the mechanisms controlling the carbon and nutrient cycles in the Reef lagoon have undergone changes and in combination extend the influence of runoff to large tracts of the Reef beyond the inshore zone reported here. 
With the prediction that the severity of disturbance events is projected to increase as a result of climate change, it is essential to mitigate local stressors that increase corals susceptibility to these disturbances. The evidence summarised in the 2013 Reef Plan Scientific Consensus Statement “indicates that a reduction in catchment pollutant loads is essential to halt and reverse further decline in the Reef ecosystem condition at a time of rapidly warming climate and ocean acidification”. The 2015 GBRMPA Strategic Assessment and 2014 Outlook reports identify the understanding of cumulative impacts as a key knowledge gap and their management a key strategic challenge. Continued and improved monitoring of the coastal and inshore Reef lagoon is fundamental to track long-term trends in the condition of marine water quality and ecosystem health in the face of cumulative impacts and to identify the ecosystem responses to management actions and interventions, for example those under Reef Plan.


[bookmark: _Toc437424402][bookmark: _Toc437424526][bookmark: _Toc437432456][bookmark: _Toc437432529][bookmark: _Toc460490652]Preface
Management of human pressures, such as enhanced nutrient runoff and overfishing, is vital to provide corals and reef organisms with the optimum conditions to cope with global stressors, such as climate change and ocean acidification (Bellwood et al. 2004, Marshall & Johnson 2007, Carpenter et al. 2008, Mora 2008, Hughes et al. 2010). The management of water quality remains a strategic priority for the Great Barrier Reef Marine Park Authority (GBRMPA) to ensure the long-term protection of the coastal and inshore ecosystems of the Reef (GBRMPA 2014 a, b). A key management tool is the Reef Water Quality Protection Plan (Reef Plan; Anon. 2013), with the actions being delivered through the Reef 2050 Plan. The Reef 2050 Plan includes the Reef Trust, to which the Australian Government has committed continued funding to protect the Reef through improvements to the quality of water flowing into the Reef lagoon, and the Reef 2050 Long Term Sustainability Plan, which provides a framework for the integrated management of the GBRWHA. 
The Marine Monitoring Program (MMP), formerly known as the Reef Plan MMP, was designed and developed by the GBRMPA in collaboration with science agencies and is currently funded by the Australian Government Reef  Programme. A summary of the MMP’s overall goals and objectives and a description of the sub-programs are available at the GBRMPA 2050 marine monitoring program website and the e-atlas website. The MMP forms an integral part of the Paddock to Reef Integrated Monitoring, Modelling and Reporting Program, which is a key action of Reef Plan and is designed to evaluate the efficiency and effectiveness of implementation and report on progress towards the Reef 2050 Plan goals and targets. A key output of the Paddock to Reef Program is an annual report card, including an assessment of Reef water quality and ecosystem condition to which the MMP contributes assessments and information. The first Annual Reef Plan Report Card for 2009 (Anon. 2011), serves as a baseline for future assessments, and report cards for 2010, 2011, 2012/13 and 2014 have since been released (available at www.reefplan.qld.gov.au). 
The Australian Institute of Marine Science (AIMS) and the GBRMPA entered into a co-investment agreement in June 2015 to provide monitoring activities under the MMP in 2015. The AIMS monitoring activities in the current contract period of the MMP are largely an extension of activities established under a previous arrangements from 2005 to 2014 and are grouped into two components:
Inshore Marine Water Quality Monitoring
Inshore Coral Reef Monitoring
In previous years, AIMS has combined the results of the AIMS Water Quality and Coral Reef Monitoring into an integrated report. However, with the revision of the water quality monitoring component in 2015 it was decided that the in situ water quality monitoring undertaken by AIMS and the flood plume monitoring by James Cook University will be merged and provide a combined marine water quality report (see Lønborg et al. 2015). Hence, this present report is now focused at only the coral monitoring component. In keeping with the overarching objective of the MMP to: 
“Assess trends in ecosystem health and resilience indicators for the Great Barrier Reef in relation to water quality and its linkages to end-of-catchment loads”,
Key water quality results are replicated here as required for the analysis and interpretation of coral results. The report covers coral reef monitoring conducted between May 2015 and August 2015 with inclusion of data from previous MMP and LTMP monitoring.
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Coastal environments are under increasing pressure from human population growth, intensifying land use and urban and industrial development (Halpern et al. 2015). Increased loads of suspended sediment, nutrients and pollutants, such as pesticides and other chemicals, invariably enter coastal waters and lead to a decline in estuarine and coastal marine water quality and the ecosystems therein. 
It is well documented that sediment and nutrient loads carried by land runoff into the coastal and inshore zones of the Great Barrier Reef (Reef) have increased since European settlement (e.g., Kroon et al. 2012, Waters et al. 2014). Concern about the negative effects that these increases were having on the Great Barrier Reef ecosystem triggered the formulation of the Reef Water Quality Protection Plan (Reef Plan) for catchments adjacent to the GBR World Heritage Area by the Australian and Queensland governments (Anon. 2003, 2009). Reef Plan was revised and recently updated (Anon. 2013). The current Reef 2050 Plan actions and initiatives aim to improve land management practices to achieve improvement in the downstream water quality of creeks and rivers. These actions and initiatives should, with time, also lead to improved water quality in the coastal and inshore Reef that in turn support the ongoing health and resilience of Great Barrier Reef (see Brodie et al. 2012a for a discussion of expected time lags in the ecosystem response). 
Reef Plan can be considered in a Drivers-Pressures-States-Impacts-Responses (DPSIR) framework (Maxim et al. 2009, Rehr et al. 2012). Socio-economic factors are the drivers of human activities from local, within catchment, scale through to the global scale. Human activities result in both locally derived pressures on downstream ecosystems such as increased exposure to sediments, nutrients and toxicants that interact with global pressures such as climate change. These pressures change the state of the Great Barrier Reef ecosystems. This state can then be interpreted in terms of impact on desirable ecosystem functioning or services that in turn can be used to inform decisions as to the need for response such as policy or regulatory actions to alleviate that impact.
To allow the full application of a DPSIR framework requires the monitoring of both pressures and states that should be reported where possible in terms of impacts so that appropriate management responses can be devised, or conversely, the outcomes of existing management strategies assessed. Reef Plan actions included the establishment of monitoring programs extending from the paddock to the Reef (Anon. 2010), to assess the effectiveness of Reef Plan's implementation. The MMP is an integral part of this monitoring providing physicochemical and biological data to document the state of water quality, concentrations of pesticides, coral reefs and seagrass beds in inshore areas of the Reef. The MMP additionally collates observations of extrinsic pressures such as sea temperature variability, occurrence of tropical cyclones, river discharge volumes and predator populations that must be variously considered in any assessment of water quality or ecosystem state. Ultimately the state of marine waters and the ecosystems of the Reef will provide both a basis for assessing the success of Reef Plan and the necessity for future management strategies.
The coral reef component of the MMP is based on the general understanding that healthy and resilient coral communities exist in a dynamic equilibrium with communities in a cycle of recovery punctuated by acute disturbance events. Common disturbances to inshore reefs include cyclones (often associated with flooding), thermal bleaching, and outbreaks of crown-of-thorns seastars (COTS), all of which can result in widespread mortality of corals (e.g. Sweatman et al. 2007, Osborne et al. 2011) on the Reef. The potential impact of pollutants carried into the system as runoff is both an increase in the susceptibility of corals to these disturbances; nutrient availability may promote outbreaks of COTS (Wooldridge & Brodie 2015) and increase susceptibility to thermal stress (Wooldridge & Done 2004, Wiedenmann et al. 2013), and/or the suppression of the recovery process (Schaffelke et al. 2013). The replacement of corals lost to disturbance is reliant on both the recruitment of new colonies and regeneration of existing colonies from remaining tissue fragments (Smith 2008, Diaz-Pulido et al. 2009). Elevated concentrations of nutrients, agrochemicals, and turbidity can negatively affect reproduction in corals (reviewed by Fabricius 2005, van Dam et al. 2011 Erftemeijer et al. 2012). High rates of sediment deposition and accumulation on surfaces can affect larval settlement (Babcock & Smith 2002, Baird et al. 2003, Fabricius et al. 2003) and smother juvenile corals (Harrison & Wallace 1990, Rogers 1990, Fabricius & Wolanski 2000). In addition, macroalgae have higher abundance in areas with high water column chlorophyll concentrations, indicating higher nutrient availability (De’ath & Fabricius 2010). High macroalgal abundance may suppress reef resilience (e.g. Hughes et al. 2007, Cheal et al. 2010, Foster et al. 2008, but see Bruno et al. 2009) by increased competition for space or changing the microenvironment into which corals settle and grow (e.g. McCook et al. 2001, Hauri et al. 2010). Macroalgae have been documented to suppress fecundity (Foster et al. 2008), reduce recruitment of hard corals (Birrell et al. 2008b, Diaz-Pulido et al. 2010), diminish the capacity of growth among local coral communities (Fabricius 2005),and suppress coral recovery by altering microbial communities associated with corals (Morrow et al. 2012, Vega Thurber et al. 2012).
In addition to influences on the early life stages of corals, changes in water quality have been shown to increase incidence of coral disease: for example increased organic carbon concentrations promote coral diseases and mortality (Kline et al. 2006, Kuntz et al. 2005). The selective pressure of water quality on coral communities is clearly evident in changes in community composition along environmental gradients (De’ath & Fabricius 2010, Thompson et al. 2010a, Uthicke et al. 2010, Fabricius et al. 2012). Corals derive energy in two ways, by feeding on ingested particles and plankton organisms and from the photosynthesis of their symbiotic algae (zooxanthellae). The ability to compensate by feeding where there is a reduction in energy derived from photosynthesis, e.g. as a result of light attenuation in turbid waters, varies between species (Anthony 1999, Anthony & Fabricius 2000). Similarly, the energy required to shed sediments varies between species due to differences in the efficiencies of passive (largely depending on growth form) or active (such as mucus production) strategies for sediment removal (Rogers 1990, Stafford-Smith & Ormond 1992). At the same time, high nutrient levels may favour particle feeders such as sponges and heterotrophic soft corals which are potential space competitors of hard corals. The result is that the combination of environmental parameters at a given location will disproportionately favour some species and thus influence the community composition of coral reef benthos. However, coral communities occur in a wide range of environmental settings because different coral species have different tolerances to environmental pressures (e.g. Done 1982, Fabricius & De’ath 2001, DeVantier et al. 2006, De’ath & Fabricius 2010). 
Coral reefs in the coastal and inshore zones of the Reef, which are often fringing reefs around continental islands, are subject to high turbidity due to frequent exposure to re-suspended sediment and episodic flood events. It is difficult to quantify the changes to coral reef communities caused by runoff of excess nutrients and sediments because of the lack of historical biological and environmental data that predate significant land use changes on the catchment. However, recent research has strengthened the evidence for causal relationships between water quality changes and the decline of some coral reefs and seagrass meadows in these zones (reviewed in Brodie et al. 2012b and Schaffelke et al. 2013).
Given that the benthic communities on inshore reefs of the Reef show clear responses to gradients in turbidity, sedimentation rate and nutrient availability (van Woesik et al. 1999, Fabricius & De’ath 2001, Fabricius et al. 2005, Wismer et al. 2009, Uthicke et al. 2010, Fabricius et al. 2012), improved land management practices have the potential to reduce levels of chronic environmental stresses that impact on coral reef communities. However, recent assessments raise the question whether these actions will be sufficient to ensure the resilience of the Reef ecosystems into the future (Bartley 2014a, b, Kroon et al. 2014). Nutrients to sustain the biological productivity of the Reef are supplied by a number of processes and sources such as upwelling of nutrient-enriched deep water from the Coral Sea and nitrogen fixation by (cyano-) bacteria (Furnas et al. 2011). However, land runoff is the largest source of new nutrients to the inshore Reef (ibid.), especially during monsoonal flood events. These nutrients augment the regional stocks of nutrients already stored in biomass or detritus (Furnas et al. 2011) which are continuously recycled to supply nutrients for marine plants and bacteria (Furnas et al. 2005, Furnas et al. 2011). 
The complexity of interactions between benthic communities and environmental pressures makes it important to synthesize coral community condition for reporting purposes. In this report we present a revised scoring system based on five independent indicators of reef ecosystem state that forms the basis of the coral component of the Reef report card. This scoring system makes subtle adjustments to previously reported indicators of coral cover, macroalgae cover, density of juvenile corals and the rate at which coral cover increases and includes an additional indicator of coral community composition. In combination these indicators each represent different aspects of coral community resilience. 
In order to relate inshore coral reef community health to variations in local reef water quality, this component of the MMP has the following objectives:
To assess the condition of inshore coral reef communities;
To assess variation in this condition in relation to exposure to both: acute pressures associated with disturbance events and chronic pressures related to marine water quality;
Provide an integrated assessment of inshore coral community condition as the basis for the coral community component of the Report card.



[bookmark: _Toc460490654]Methods 
[bookmark: _Toc460490655]4.1	Sampling design
Monitoring of inshore coral reef communities is limited to reefs adjacent to four of the six natural resource management (NRM) regions with catchments draining into the Reef: Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy. No reefs are included adjacent to Cape York due to logistic and occupational health and safety issues relating to diving in coastal waters in this region. Limited development of coral reefs in nearshore waters adjacent to the Burnett Mary NRM region precluded sampling there. Sub-regions were included in the Wet Tropics NRM to more closely align reefs with the combined catchments of; the Barron and Daintree rivers, the Johnstone and Russell-Mulgrave Rivers, and the Herbert and Tully rivers
4.1.1 Site Selection
On advice from an expert panel the GBRMPA selected the reefs monitoring by the MMP. The selection was based upon two primary considerations:

Within the Reef strong gradients in water quality exist with distance from the coast and increasing distance from rivers in a northerly direction (Larcombe et al. 1995, Brinkman et al. 2011). The selection of reefs for inclusion in the sampling design was informed by the desire to include reefs spanning these gradients so as to facilitate the teasing out of water quality associated impacts;
Sampling locations were selected where there was either an existing coral reef community or evidence (in the form of carbonate-based substratum) of past coral reef development. Exact locations were selected without prior investigation, once a section of reef had been identified that was of sufficient size to accommodate our sampling design a marker was deployed from the surface and transects established from this point.

In the Wet Tropics region, where few reefs exist in the inshore zone and well-developed reefs existed on more than one aspect of an island, separate reefs on windward and leeward aspects were included in the design. Coral reef communities can be quite different on windward compared to leeward reefs even though the surrounding water quality is relatively similar. Differences in wave and current regimes determine whether materials, e.g. sediments, fresh water, nutrients or toxins imported by flood events, accumulate or disperse and hence determine the exposure of benthic communities to environmental stresses. A list of the selected reefs is presented in Table 1 and the geographic locations are shown in Figure 3 and also indicated on maps within each (sub-) regional section.
There have been two changes to the selection of reefs sampled. In 2005 and 2006 three mainland fringing reef locations were sampled along the Daintree coast. Concerns over increasing crocodile populations in this area led to the cessation of sampling at these locations. In 2015 a revision of the marine water quality monitoring component of the MMP resulted in a concentration of sampling effort along a gradient away from the Tully River mouth. To better match the water quality sampling to the coral reef sampling in the Tully-Herbert sub-region a new reef site was initiated at Bedarra and sampling at King Reef discontinued.
In addition to reefs monitored by the MMP data from inshore reefs monitored by the AIMS long-term monitoring program have been included in this report (Table 1, Figure 3). The addition of these reefs serves to extend the basis for assessments of coral community condition. Finally, as the MMP sites at Middle reef in the Burdekin region were co-located with LTMP sites this reef was also removed from the MMP sampling schedule in 2015.



[bookmark: _Ref460423586][bookmark: _Toc460490772]Figure 3: Sampling locations of the MMP coral and water quality monitoring. 
Table 1 (below) describes monitoring activities undertaken at each location. NRM Region boundaries are represented by coloured catchment areas.


4.1.2 Depth Selection
From observations of a number of inshore reefs undertaken by AIMS in 2004 (Sweatman et al. 2007), marked differences in community structure and exposure to perturbations with depth were noted. The lower limit for the inshore coral surveys was selected at 5m below datum, because coral communities rapidly diminish below this depth at many reefs, 2m below datum was selected as the ‘shallow’ depth as this allowed surveys of the reef crest. Shallower depths were considered but discounted for logistical reasons, including the inability to use the photo technique in very shallow water, site markers creating a danger to navigation and difficulty in locating a depth contour on very shallow sloping substrata typical of reef flats. The AIMS LTMP sites are not as consistently depth defined as those of the MMP with most sites set in the range of 5-7m below LAT. Middle Reef is the exception with sites there at approximately 3m below LAT.
4.1.3 Site marking
At each reef (Table 1) two sites separated by at least 250 m were selected along a similar aspect. These sites are permanently marked with steel fence posts at the beginning of each of five 20m transects and smaller (10mm diameter) steel rods at the 10m mark and the end of each transect. Compass bearings and measured distances record the transect path between these permanent markers. Transects were set initially by running two 60m fibreglass tape measures out along the desired 5m or 2m depth contour. Digital depth gauges were used along with tide heights from the closest location included in ‘Seafarer Tides’ electronic tide charts produced by the Australian Hydrographic Service to set transects as close as possible to the desired depths of 5m and 2m below lowest astronomical tide (LAT). Consecutive 20m transects were separated by 5m. The position of the first picket of each site was recorded by GPS. Site directions and waypoints are stored electronically in AIMS databases. 
4.1.4 Sampling timing and frequency
Coral reef surveys were undertaken predominantly over the months May-July as this allows the full influences of summer disturbances such as cyclones and bleaching events to be realised. Although the acute events occur over summer the stress incurred can cause ongoing mortality for several months. The winter sampling also protects observers from potential risk from marine stingers over the summer months. The exception was Snapper Island where sampling occurred typically in the months August –October. 
The frequency of survey has changed incrementally due to budgetary constraints. In 2005 and 2006 all MMP reefs were surveyed. From 2007 through to 2014 a subset of reefs at which there were co-located water sampling sites (Table 1, section 4.2.1) were classified as “core” reefs and sampled annually. The remaining reefs were classified as “cycle” and sampled only in alternate years with half sampled in odd numbered years (i.e. 2009, 2011 & 2013) and the remainder in even numbered years. When an acute disturbance was suspected to have impacted cycle reefs during the preceding summer they were resurveyed irrespective of their odd or even year classification so as to gain the best estimate of the impact of the acute event and bookend the start of the recovery period. From 2015 further funding reductions necessitated a move to sampling all reefs on a biennial cycle though a contingency for the out-of-phase resampling of reefs impacted by acute disturbance was maintained.


[bookmark: _Ref460423522][bookmark: _Toc453855048]Table 1: Sampling locations. Black symbols mark reefs surveyed as per sampling design, Grey symbols mark reefs out of schedule to assess disturbance. At each reef surveys of juvenile coral densities, benthic cover estimates derived from photo point intercept transects and scuba searches for incidence of coral mortality are undertaken. WQ, indicates reefs at which water quality monitoring is undertaken, * indicates WQ was ceased in 2014, and ** indicates WQ was begun in 2015. 
	Region
	Sub Region
	Reef
	Program
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	Wet Tropics
	Barron Daintree
	Cape Tribulation North
	MMP
	●
	●
	
	
	
	
	
	
	
	
	

	
	
	Cape Tribulation Mid
	MMP
	●
	●
	
	
	
	
	
	
	
	
	

	
	
	Cape Tribulation South
	MMP
	●
	●
	
	
	
	
	
	
	
	
	

	
	
	Snapper North (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	
	Snapper South
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	
	Low Isles
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Johnstone Russell-Mulgrave
	Green
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	
	Fitzroy West
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	
	Fitzroy West (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	
	Fitzroy East
	MMP
	●
	●
	●
	●
	
	●
	●
	●
	
	●
	

	
	
	High East
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	
	
	High West (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	
	Frankland East
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	
	
	Frankland West (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	Tully
	Barnards
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	
	
	King
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	

	
	
	Dunk North (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	
	Dunk South
	MMP
	●
	●
	
	●
	
	●
	●
	●
	
	●
	

	
	
	Bedarra
	MMP
	
	
	
	
	
	
	
	
	
	
	●

	Burdekin
	Palms West (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	Palms East
	MMP
	●
	●
	
	●
	
	●
	●
	●
	
	●
	

	
	Lady Elliot
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	

	
	Pandora North
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Pandora (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	Havannah North
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Havannah
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	
	Middle Reef
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	

	
	Middle Reef
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	

	
	Magnetic (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	Mackay Whitsunday
	Langford
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Hayman
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Border
	LTMP
	●
	
	●
	
	●
	
	●
	
	●
	
	●

	
	Double Cone (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	Hook
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	

	
	Daydream (WQ*)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	

	
	Shute Harbour
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	

	
	Dent
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	
	Pine (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	Seaforth (WQ**)
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	
	●

	Fitzroy
	North Keppel
	MMP
	●
	●
	●
	
	●
	
	●
	
	●
	●
	●

	
	Middle
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	●

	
	Barren (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	Keppels South (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	Pelican (WQ)
	MMP
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●
	●

	
	Peak
	MMP
	●
	●
	
	●
	
	●
	
	●
	
	●
	●



[bookmark: _Toc460490656]4.2	Coral community sampling
Three separate sampling methodologies were used to describe the benthic communities of inshore coral reefs (Table 2). 
[bookmark: _Ref460423294][bookmark: _Toc453855049]Table 2: Summary of coral community sampling methods. 
	Survey Method
	Information provided
	Transect dimension

	
	
	MMP (20m long transects)
	LTMP (50m long transects)

	Photo point Intercept
	Percentage covers of the substratum of major benthic habitat components.
	Approximately 34cm belt along upslope side of transect sampled at 50 cm intervals from which 32 frames are sampled. 

	Approximately 34cm belt along upslope side of transect sampled at 1m intervals from which 40 frames are sampled. 


	Demography
	Size structure and density of juvenile coral communities.
	34cm belt along the upslope side of transect. Size classes: 0-2cm, 2-5cm, 5-10cm.

	34cm belt along the upslope side of the first 5m of transect. Size class: 0-5cm.


	Scuba search
	Incidence of factors causing coral mortality
	2m belt centred on transect

	2m belt centred on transect



4.2.1 Photo point intercept transects
Estimates of the composition of the benthic communities were derived from the identification of organisms on digital photographs taken along the permanently marked transects. The method followed closely the Standard Operation Procedure Number 10 of the AIMS Long-Term Monitoring Program (Jonker et al. 2008). In short, digital photographs were taken at 50cm intervals along each 20m transect. Estimations of cover of benthic community components are derived from the identification of the benthos lying beneath five fixed points digitally overlaid onto these images. A total of 32 images are randomly selected and analysed from each transect. Out of focus images are excluded and replaced by an image from those not originally randomly selected. The AIMS LTMP utilise longer 50m transects sampled at 1m intervals from which 40 images are selected.
For the majority of hard and soft corals, identification to at least genus level is achieved.  Identifications for each point are entered directly into a data entry front end to an Oracle-database, developed by AIMS. This system allows the recall of images and checking of any identified points. 
4.2.2 Juvenile coral surveys 
These surveys aimed to provide an estimate of the number of both hard and soft coral colonies that were successfully recruiting and surviving early post-settlement pressures. The number of juvenile coral colonies were counted along the permanently marked transects. In 2005 and 2006 these juvenile coral colonies were counted as part of a demographic survey that counted the number of all individuals falling into a broad range of size classes that intersected a 34cm wide belt along the first 10m of each 20m transect. As the focus narrowed to just juvenile colonies, the number of size classes was reduced allowing an increase in the spatial coverage of sampling. From 2007 coral colonies less than 10cm in diameter were counted along the full length of each 20m transect within a belt 34cm wide (data slate length) positioned on the upslope side of the marked transect line. Each colony was identified to genus and assigned to a size class of either, 0-2cm, >2-5cm, or >5-10cm. Importantly, this method aims to record only those small colonies assessed as juveniles, i.e. which result from the settlement and subsequent survival and growth of coral larvae, and so does not include small coral colonies considered as resulting from fragmentation or partial mortality of larger colonies. In 2006 the LTMP also introduced juvenile surveys though only within the first 5m of each transect and focused on the single size-class of 0-5cm
4.2.3 SCUBA search transects
SCUBA search transects document the incidence of disease and other agents of coral mortality and damage. Tracking of these agents of mortality is important, because declines in coral condition due to these agents are potentially associated with increased exposure to nutrients or turbidity (Morrow et al. 2012, Vega Thurber et al. 2012).. The resulting data are used primarily for interpretive purposes and help to identify both acute events such as a high proportion of damaged corals following storms or high densities of coral predators, or periods of chronic stress as inferred from high levels of coral disease. This method follows closely the Standard Operation Procedure Number 9 of the AIMS Long-Term Monitoring Program (Miller et al. 2009). For each 20m transect a search was conducted within a 2m wide belt centred on the marked transect line for any recent scars, bleaching, disease or damage to coral colonies. An additional category not included in the standard procedure was physical damage. This was recorded on the same 5 point scale as coral bleaching and describes the proportion of the coral community that has been physically damaged, as indicated by toppled or broken colonies. This category may include anchor as well as storm damage. The LTMP include this survey over the full 50m length of transects used in that program.
4.2.4 Coral Settlement
Until 2013 the settlement of corals to terracotta tiles was included at the then core reefs and a summary of that component of the program can be found in Thompson et al. 2013. 
[bookmark: _Toc460490657]Environmental sampling
4.3.1	Water quality sampling
Within each NRM region MMP water quality monitoring sites were co-located with a subset of coral monitoring reefs (). The reefs chosen spanned the gradient expected gradient of exposure to runoff within each region. At each reef two water quality sampling methods were used. Firstly, WET Labs ECO FLNTUSB Combination Fluorometer and Turbidity Sensors were deployed at 5m at the start of coral survey transects to provide a continuous record (10 minute interval) of chlorophyll concentration and Turbidity. Secondly, detailed water sampling was undertaken three times a year until 2014 then more frequently in 2015, sampling included: vertical profiles of water temperature, salinity, chlorophyll, and turbidity measured with a Conductivity Temperature Depth profiler (CTD) and discrete water samples collected with Niskin bottles at bottom (1m from seabed) and surface. Niskin samples were also taken alongside the autonomous water quality instruments located at the reef sites. Sub-samples taken from the Niskin bottles were analysed for a suite of dissolved and particulate nutrient and carbon species. From 2015 water quality sampling was discontinued in the Fitzroy region and at Snapper North in the Wet Tropics region, in the Mackay Whitsunday region the water quality station was moved from Daydream to Seaforth, additional in situ instrument and Niskin sampling sites were located in off reef areas. 
Flood plume monitoring combined with satellite data allow flood plume exposure, chlorophyll a and total suspended sediment concentrations to be estimated for all reef sites (Table A 4). Detailed descriptions of water quality monitoring methods can be found in the companion 2015 annual MMP Water Quality Monitoring report (Lønborg et al. 2015).
4.3.2 Sea temperature sampling
Temperature loggers were deployed at each coral monitoring reef at both 2m and 5m depths and routinely exchanged at the time of the coral surveys (i.e. every 12 or 24 months). Exceptions were Snapper South, Fitzroy East, High East, Franklands East, Dunk South, and Palms East where loggers were not deployed due to the proximity of those deployed on the western or northern aspects of these same islands. Initially Odyssey temperature loggers (http://www.odysseydatarecording.com/) were used prior to gradual change over to Sensus Ultra temperature loggers (http://reefnet.ca/products/sensus/). The Odyssey loggers were set to take readings every 30 minutes. The Sensus loggers were set to take readings every 10 minutes. Loggers were calibrated against a certified reference thermometer after each deployment and were generally accurate to ± 0.2°C.
4.3.3 Sediment sampling
Until 2014 sediment samples were collected from all reefs at the time of coral surveys for analysis of grain size and proportion content of inorganic carbon, organic carbon and nitrogen. At each 5m deep site five 60ml syringe tubes were used to collect cores of surface sediment from available deposits along the 120m length of the site. The end of the syringe tube was cut away to produce a uniform cylinder. Sediment was collected by pushing the tube into the sediment being careful not to suck sediment and pore-water into the tube with the plunger. A rubber stopper was then inserted to trap the sediment plug. On the boat, the excess sediment was removed to leave 10mm in each syringe, which represented the top centimetre of surface sediment. This sediment from each of the five tubes was combined in a single sample jar. The sample jars were stored in an ice box with ice packs to minimise bacterial decomposition and volatilisation of the organic compounds until transferred to a freezer on the night of collection and kept frozen until analysis.
For the purpose of this report only the grainsize of sediments are of consequence as these form a proxy for the hydrodynamic setting of the coral sites (Table A 4). A full description of nutrient analysis and tends in sediment compositions can be found in Thompson et al. 2014b.
Grain size fractions were estimated by sieving two size fractions (1.0 -1.4mm, >2.0mm) from each sample followed by MALVERN laser analysis of smaller fractions (<1.0mm). Sieving and laser analysis was carried out by the School of Earth Sciences, James Cook University for samples collected in 2005-2009 and subsequently by Geoscience Australia. The mean proportion of sediments constituting grain-sizes of less than 63µm (clay and silt) from all samples collected between 2006 and 2014 for the “clay and silt” covariate used in coral community analysis. For LTMP sites the clay and silt content of sediments was estimated by interpolating between MMP reefs with similar exposure to the SE as the predominant direction of wave energy in the GBR. Estimated sediment composition was verified by visually checking images including sediment from photo transects against images from MMP reefs with similar exposure.


[bookmark: _Toc460490658]4.4 Coral reef data analysis and presentation
Previous MMP reports presented comprehensive statistical analyses of spatial patterns in the inshore coral reef data and identified both regional differences in community attributes as well as the relationships between both univariate and multivariate community attributes and key environmental parameters such as water column particulates and sediment quality (Schaffelke et al. 2008, Thompson et al. 2010a). Statistical analysis of spatial relationships between coral communities and their environmental setting are not repeated here. 
In this report results are presented to reveal temporal changes in coral community indicators, metrics and the coral index, as well as trends in key water quality parameters of chlorophyll; as a general proxy for nutrient availability, and turbidity. These two water quality parameters were chosen as they are data rich as a result of being monitored by in-situ data loggers compared to the parameters measured by Niskin bottle sampling. We do however include a range of additional water quality parameters in the Appendix and point the reader to Lønborg et al. (2015) for detailed reporting of these data. Generalized additive mixed models (GAMMs, Wood 2006) were fitted to community attributes and environmental variables separately for each NRM region. The analyses were carried out using the R statistical package (R_Development_Core_Team 2011). In these analyses we were interested in identifying the presence and consistency of trends. To this end, observations for each variable were averaged to the reef level for each year and individual reefs treated as random factors. To allow flexibility in their form, trends are modelled as natural cubic splines. A log link function was used as we were explicitly interested in identifying the consistency of proportional changes in a given variable among reefs, acknowledging that the absolute levels of that variable may differ between reefs. 
The results of these analyses are graphically presented in a consistent format for both, environmental variables and biological variables: Predicted trends were plotted as bold blue lines, the confidence intervals of these trends delimited by blue shading; the observed trends at each survey reef were plotted in the background as thin grey lines. A point to note is that in some instances it appears that the predicted trends are slightly offset to the observed changes, which is due to the inclusion in the analysis of reefs sampled at both annual and biennial frequencies Changes occurring on a reef sampled biennially will be perceived as having occurred in the survey year when they may have occurred in the previous (un-sampled) year. Results presented for chlorophyll a use data derived from both FLNTU loggers and niskin grab samples. NTU is derived solely from logger data. The data are analysed to generate trend predictions from thin-plate splines fitted via Generalised Additive Mixed Models (GAMM's). These models also incorporated seasonal cyclical cubic splines with sample location set as the random effect.

Multimetric indices are used to summarise both the water quality and coral community data. The water quality index is based on comparisons with existing water quality guidelines (DERM 2009, GBRMPA 2010), to generate an overall assessment of water quality for each of the 6 (sub)-regions. The Water Quality Index is derived from the aggregated metric scores of a suite of indicators:
Suspended solids concentration (TSS) in water samples, Secchi depth, and turbidity measurements (NTU) by FLNTUSB instruments, where available. These are three indicators are often collectively referred to as turbidity;
Chlorophyll a (Chl a) concentration in water samples;
Oxidised nitrogen (nitrate, nitrite) referred to here as NOx;
Particulate nitrogen (PN) concentrations in water samples;
Particulate phosphorus (PP) concentrations in water samples.
Detailed description of the methods used to calculate the water quality index along with interpretation of the trends can be found in the companion report Lønborg et al. (2015). An important point to note is that within each region the mean Water Quality Index score will reflect the location of sampling sites relative to the strong gradient of improving water quality with distance from the coast. As such, it is the trend in this index, or any of the constituent parameters that is most relevant to coral communities as this will reflect increased or decreased exposure through time.
The coral index is formulated around the concept of community resilience.  The underlying assumption is that a ‘resilient’ community should show clear signs of recovery after inevitable acute disturbances, such as cyclones and coral bleaching events, or, in the absence of disturbance, maintain a high cover of corals and successful recruitment processes. Below is a brief outline of methods used to calculate metric scores for the five indicators used to determine the coral index. Data for each indicator are derived from LTMP and MMP point intercept transects and juvenile coral belt transects. The coral index was revised for this report and a detailed description including the reasoning behind threshold selection and methods used for the calculation of the coral index is presented as section 6.3 of this report. 
4.4.1 Coral cover metric
High coral cover is a highly desirable state for coral reefs both in providing essential ecological goods and services related to habitat complexity by also from a purely aesthetic perspective with clear socio economic advantages. In terms of reef resilience although low cover may be expected following severe disturbance events, high cover implies a degree of resilience to any chronic pressures influencing the reef. This metric simply scores reefs based on the level of coral cover. For each reef the proportional cover of all genera of hard (order Scleractinia) and soft (subclass Octocorallia) corals are combined into two groups, “HC” and “SC” respectively. The coral cover indicator is then calculated as;
 =  +  
Where  = reef and  = time.
The resulting value for coral cover is then scaled linearly from zero (when cover is 0%) through to 1 (when cover is at or above the threshold of 75%).
4.4.2 Macroalgae cover metric
In contrast to coral cover high macroalgal cover on coral reefs is widely accepted as representing a degraded state. As opportunistic colonisers, macroalgae generally out-compete corals, recovering more quickly following physical disturbances. In order to consolidate their presence within the reef habitat, macroalgae have been documented to suppress coral fecundity (Foster et al. 2008), reduce recruitment of hard corals (Birrell et al. 2008b, Diaz-Pulido et al. 2010) and diminish the capacity of growth among local coral communities (Fabricius 2005).  Until and including 2014 the response variable for this indicator was simply the percent cover of macroalgae as recorded from point intercept transects. This was revised in 2015 to be the percent cover of macroalgae as a proportion of the total cover of all algal forms, and is calculated as;
 =  / 
Where = percent cover of all algae,  = reef,  = time and  = percent cover of macroalgae.
The change to consider the proportional representation of macroalgae serves to decouple the coral cover and macroalgae cover metrics. In addition separate upper and lower thresholds were estimated for each reef and depth, based on the long-term mean chlorophyll concentrations at each reef (see section 6 for detail). Scores for this indicator were scaled linearly from 0 when MAproportion is at or above the upper threshold through to 1 when MAproportion is at or below the lower threshold.
4.4.3 Density of juvenile hard corals metric
For coral communities to recover rapidly from disturbance events requires adequate recruitment of new corals into the population. This metric scores the important recruitment process by targeting corals that have survived the early life stages. With the inclusion of LTMP data into the coral index juvenile count data were subset to only include colonies up to 5cm in diameter as this size class was common to both MMP and LTMP sampling. Counts of juvenile hard corals were converted to density per m2 of space available to settlement as;
 =  / 
Where, = count of juvenile colonies < 5cm in diameter,  = reef,  = time and  = area of transect occupied by algae.
The resulting density was scaled linearly from 0 at a density of 1 or less through to 0.4 at a density of 4.6 colonies m-2 then linearly again (though with a reduced slope) though to a score of 1 when the density was 13 colonies per m-2 or above. 
4.4.4 Change in coral cover metric
A second avenue for recovery of coral communities is the growth of corals during periods free from acute disturbance. Chronic pressures associated with water quality may suppress the rate that coral cover increases and indicate a lack of resilience. The change in coral cover indicator score is derived from the comparison of the observed change in coral cover between two visits and predicted change in cover derived from multi-species forms of the Gompertz growth equation (Dennis & Taper 1994, Ives et al. 2003). Due to differences in growth rates models were run separately for the fast growing corals of the family Acroporidae and the slower growing combined grouping of all other hard corals. A continuous scoring system was then applied by scoring observed changes in coral cover against the upper and lower 95% confidence intervals predicted by the models (for details of model including equations, and the classifications used in the scoring system see (Section 6)
4.4.5 Community composition metric
This metric compares the composition of hard coral communities to a baseline composition and interprets any observed change as being representative of communities expected under improved or worsened water quality. The basis of the metric is the scaling of cover for constituent genera (subset to life forms for the abundant genera Acropora and Porites) by genus weightings that correspond to the distribution of each genus along a gradient of turbidity and chlorophyll concentration  (Thompson et al. 2014b, Table 6) as:

Where	  = the community composition location on along the water quality gradient at time , 
	 = the Hellinger transformed cover of genus  at time , and
	 = the score for genus  taken from Table 6.
Indicator metric scores are assigned based on the location of  for the year of interest relative to a community specific baseline. The baseline for each community is simply the 95% confidence intervals about the mean  from the first five years of observations of the community at each reef and depth. The scoring of the metric is categorical being 0.5 when  falls within the 95% confidence intervals for the location, 1 if beyond the confidence interval in a direction toward communities representative of and 0 if beyond the confidence interval in the direction of communities representative of higher turbidity and chlorophyll concentrations.


[bookmark: _Toc460490659]4.5 Pressure presentation
In addition to the cumulative impacts of water quality coral communities are impacted by a range of other environmental pressures that will influence their condition. As an aid for the interpretation of tends in coral indicators and the coral index a panel of four figures is included for each reporting (sub) region that summarise the environmental pressures and disturbances that have influenced coral communities.
For each reporting (sub) region there are the following figures:
A map of coral monitoring locations. This map includes a representation of the gradient in water quality expressed as the exposure to secondary plume-type waters. These estimates are supplied by the Centre for Tropical Water and Aquatic Ecosystem Research, Catchment to Reef Research Group, James Cook University and reported in full the companion MMP water quality report (Lønborg et al. 2015). These exposure maps represent the proportion of time within the wet season (December to April, over the years 2003 to 2015 inclusive) during which the optical properties of the water were consistent with those classified as “secondary” water masses in GBR flood plumes as described by Devlin et al. (2012). Coastal waters are grouped into plume-types based on three water-quality characteristics; total suspended solids (TSS), coloured dissolved organic matter (CDOM), and chlorophyll a (chl a). The secondary flood plume is characterised by lower levels of TSS and CDOM than occur in primary plumes (mean TSS of approximately 14 mg l-1 compared to 23 mg l-1, mean CDOM 0.26 m-1 compared to 0.36 m-1. In contrast chlorophyll a concentrations are higher in secondary plumes (1.4 vs. 1.1 µg l-1) (Devlin et al. 2012). The plume types therefore represent different degrees of exposure to stressors on coral such as decreased light availability and nutrient levels. In brief, the estimates of exposure were derived following the methodology of Alvarez Romero et al. (2013) wherein water type was classified on the basis of two ocean-colour products (nLw667 and adg443, see Alvarez Romero et al. 2013 for further detail) applied to data derived from the satellite-mounted Moderate Resolution Imaging spectroradiometer (MODIS) Aqua sensor. The secondary plume-type was chosen over primary plume-type waters this gradient provides greater distinction across the reefs sampled – Primary plume exposure tends to be limited to areas closer inshore than the reefs sampled (Figure A 9). It is important to note that the classifications for plume types are mutually exclusive and as such there appears to be a decline in exposure to secondary plume type waters toward the coast; this is an artefact of those waters being classified as primary plume type waters for much of the wet season.  
A breakdown of disturbance history. Loss of coral cover can result from a range of disturbances or pressures making the disturbance history of a location important background for interpreting observed coral index scores. Disturbance histories are presented as pie charts that aggregate disturbances observed at 2m and 5m depths separately. For each observation of hard coral cover at a reef and depth the observation was categorised by any disturbance that had impacted the reef since the previous observation and the proportion of cover lost calculated as: 


here, observed was the hard coral cover observed, and predicted was the coral cover predicted from the application of the coral growth model described in detail in Section 6. The mean cover lost per year per reef was calculated from the aggregation of Loss for each disturbance type. Within the time-series for coral cover on inshore reefs six disturbance categories were applied (Table 3). It is important to note that for each loss attributed to a specific disturbance any cumulative impact of water quality is implicitly included. For reference among regions the size of the pies were scaled to the maximum rate of hard coral cover loss observed across regions of 16% per reef per year at 2m depth in the Herbert – Tully sub-region.
[bookmark: _Toc453855050]Table 3: Categorisation of disturbances
	Bleaching
	Greater than 60 degree heating days (see temperature figure description below) in the region during the preceding summer with observations of coral bleaching also considered.

	COTS
	SCUBA search revealing > 40 ha-1 density of crown-of-thorns during present or previous survey of the reef

	Disease
	SCUBA search revealing above median incidence of coral disease during present or previous survey of the reef coinciding with decline in coral cover

	Flood
	Loss of cover coinciding with flooding in the preceding summer. Reserved for instances where exposure to low salinity can reasonably be inferred. An exception was classification of a flood effect in the Whitsundays region based on high levels of sediment deposition to corals. This classification has been retained for historical reasons and would not be classified as a flood effect under the current criteria

	Storm
	Observations of physical damage to corals during survey that can reasonably be attributable to a storm or cyclone event based nature of damage and the proximity of the reef to storm or cyclone paths.

	Multiple
	When a combination of the above occur

	None
	In years that no acute disturbance was recorded a Loss was recorded when observed hard coral cover fell below the predicted cover and these losses classified as disturbance type ‘None’. This categorisation will include the cumulative impacts of minor exposure to any of the above disturbances along with chronic environmental conditions. Importantly as estimates for each disturbance are a mean and the disturbance categorisation none includes all non-disturbance observations any proportion of loss attributed to this category represents a mean under performance in rate of cover increase overall yeas for which reefs were not subject to an acute disturbance.

	“Water Quality”
	The impact of water quality cannot be directly measured, however, as a  generalisation the combined loss of cover attributed to “None” and “Disease” can be assumed to represent reduced rates of coral cover increase as a result of chronic environmental pressures including poor water quality.



Temperature records. Data from temperature loggers deployed at the monitoring locations within the (sub) region were averaged to derive a mean daily temperature estimates. Time series analyses were applied to these estimates over the period 2005-2015 to describe a season temperature profile. Data are presented as deviations of mean regional daily temperature from the seasonal baseline. This presentation of the data allows the easy visualisation of a-seasonally high or low temperatures and so the identification of periods likely to have resulted in thermal stress to coral communities. Additionally, Degree Heating Days (DHD) for each summer were calculated as the sum of daily positive deviations of (sub) regional mean temperature from the long-term seasonal average – a one degree exceedance for one day equates to one degree heating day. DHD values for each location and summer season (December 1st to March 31st) were derived from the Bureau of Meteorology satellite-based interactive website ReefTemp Next Generation and based on 14 day IMOS climatology. ReefTemp Next Generation was developed through the Centre for Australian Weather and Climate Research (CAWCR) – a partnership between CSIRO and the Bureau of Meteorology (Garde et al. 2014). For DHD calculations in this report, the average DHD among nine 1km square pixels adjacent to each reef location within a (sub) region was used. 

River discharge. Daily and annual records of river discharge were obtained from Queensland Government Department of Natural Resources and Mines river gauge stations for the major rivers draining to the Reef. A time series of these records are displayed with reference to the long-term median discharge for a particular river calculated over the 1970 to 2000 period. Total annual discharge for each water year, 1st October to 30th September, are also included.
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This section provides detailed trend analysis of coral community condition indicators along with key water quality constituents and other environmental drivers of coral condition within each region. For the Wet Tropics Region, data are presented for sub-regions corresponding to major catchments. 
Specifically, the information provided here is focused on identification and interpretation of temporal trends observed in the coral community attributes monitored. For each region two panels of figures are presented. The first summarises the environmental conditions and disturbance events experienced at the coral monitoring locations. Collectively these environmental data summarise the key pressures that have influenced coral communities in the region and must be considered in the interpretation of trends in the coral index, the index’s constituent indicators and observed trends in turbidity and chlorophyll concentrations that are presented as a second panel. 
Site-specific data and additional information tables are presented in Appendix 1 (referred to by Figure and Table numbers prefixed “A”) and may be referred to where specific detail is required. These more detailed data summaries include:
Table A 1: Annual freshwater discharge for the major Reef Catchments relative to long term medians
Table A 2: Chronology of disturbance to coral communities at each monitoring location.
Table A 3: Report card metric scores for coral communities at each monitoring location.
Table A 4: Mean environmental conditions experienced at reef locations 
Table A 5: Taxonomic composition of hard coral communities
Table A 6: Taxonomic composition of soft coral communities
Table A 7: Taxonomic composition of algal communities  
Figure A 1 to Figure A 6: Time series of coral community composition for both cover and juvenile observations for each reporting region.
Figure A 7: Times series of disease in each reporting region
Figure A 10 to Figure A 15: Time series of water quality parameters in each reporting region.



[bookmark: _Toc437424406][bookmark: _Toc437424530][bookmark: _Toc437432461][bookmark: _Toc437432534][bookmark: _Toc460490661]5.1	Wet Tropics Region: Barron Daintree sub-region
Catchments in the Barron Daintree sub-region are characterised by a high proportion of tropical forest and National Park reserves. Outside of these areas, the primary agricultural land use is grazing (Brodie et al. 2003, GBRMPA 2012). Coral monitoring sites in this sub-region are exposed to discharge from several rivers, predominately the Daintree and Barron rivers.

[bookmark: _Ref438119398][bookmark: _Toc437423849][bookmark: _Toc437424028][bookmark: _Toc437424294][bookmark: _Toc437597628][bookmark: _Toc460490773]Figure 4: Barron Daintree sub-region reef locations, environmental conditions and disturbances. 
 
a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer period (1st of December - 31st March) indicated by black symbols d) Combined daily (blue) and annual (red) discharge for the Barron and Daintree rivers, red dashed line represents long-term median discharge (1970-2000).

Within this sub-region coral surveys have been conducted under the MMP since 2005 at Snapper North and Snapper South. Snapper Island is located 4km from the mouth of the Daintree River, and is regularly exposed to secondary plume-type waters (Figure 4a). Low Isles is located further offshore and rarely exposed to secondary plume-type waters (Figure 4a). 
Monitoring by Sea Research prior to 2005 identified flooding of the Daintree River in 1996 and again in 2004 along with Cyclone Rona in 1999 as having substantial impacts on the coral communities at Snapper Island (Table A 2). Importantly, subsequent observations identified recovery of the coral communities following each event suggesting that these reefs were resilient to the disturbance regime during that period (Ayling & Ayling 2005, Sweatman et al. 2007) This resilience remained apparent following the commencement of monitoring under the MMP, with the general trend in the coral index improving to be categorised as “good” by 2008 (Figure 4a). Supported by continued high coral cover, rates of increase in cover meeting or exceeding model predictions and low macroalgae cover (Figure 5b,c,d).
Since 2010 the coral index score steadily declined to reach a low point in 2014 with a slight indication of improvement in 2015 (Figure 5a). Three key pressures stand out as forcing the decline in coral community condition; crown-of-thorns seastars (COTS), storms, and disease (Figure 4b). COTS have been responsible for the greatest proportion of coral cover loss over the course of the MMP and LTMP at both 2m and 5m depths. In the late 1990’s COTS caused a 52% reduction in coral cover at Low Isles (Table A 2), At Snapper Island low densities of COTS were observed during surveys in 2012. The following year an outbreak was evident with high densities of adults (288 per hectare at Snapper North, 613 per hectare at Snapper South) causing combined loss of coral cover ranging from 66% at Snapper North(5m depth) to 17% at snapper south (5m depth ); the family Acroporidae was most severely impacted (Table A 2, Figure A 1). By 2014 COTS numbers had substantially declined with no individuals recorded at Snapper North in 2014 and densities of 63 per hectare at Snapper South. In 2015 no COTS were observed.
Physical impacts to these reefs were recorded following a severe storm in 2009 and most significantly Cyclone Ita in 2014 that removed 90% and 49% of the hard coral cover from Snapper North 2m and 5m depths respectively (Figure 5, Table A 2).
Increased incidence of disease was observed in 2006 (though this resulted in little if any reduction in coral cover suggesting losses where compensated for by growth of corals) and over the 2010 to 2011 period when coral cover was reduced by between 20% and 36% at Snapper North 2m and 5m sites respectively (Figure 5, Table A 2).Combined discharge from the Barron and Daintree rivers (Figure 4d) was well above median flows in 2011, supporting the documented link between increased runoff and disease prevalence (Bruno et al. 2003, Kline et al. 2006, Kuntz et al. 2005, Voss & Richardson 2006,Kaczmarsky & Richardson 2010, Haapkylä et al. 2011, 2013, Vega Thurber et al. 2013). This was not the case in 2010 when discharge was typical for the sub-region, however since 2008 the water quality index has steadily declined (Figure A 10) and turbidity remained consistently high (Figure 5h), in addition there was a particularly warm winter in 2010 (Figure 4c) that may also have contributed to the disease levels observed in that year. 
In summary the coral communities in the Barron-Daintree sub-region have shown a history of strong resilience under previous disturbance regimes. The combined effects of Cyclone Ita, and the recent COTS outbreak   have clearly influenced these communities and resulted in declines in all 5 of the coral index metrics, most significantly coral cover, coral composition and the proportion of macroalgae in the algal community (Figure 5b,c,f). That occurrence of disease and increased representation of macroalgae coincide with a period of declining water quality implicate local water quality as playing a role in observed declines. At a larger scale, COTS outbreaks have been prevalent on midshelf reefs for several years the timing of this current outbreak reinforces prior observations of outbreaks following major flooding of rivers to the south and in particular the Burdekin River that had major floods in 2008 and 2009 (Table A 1, Brodie et al. 2008, Fabricius et al. 2010, Furnas et al. 2013) further linking water quality to the recent decline in this sub-region. With a return to drier conditions and correspondingly lower loads of sediments and nutrients delivered to the ocean in 2015 it is encouraging to see the slight improvement in coral community condition observed in 2015.

[image: ]
[bookmark: _Ref438119411][bookmark: _Toc437423850][bookmark: _Toc437424029][bookmark: _Toc437424295][bookmark: _Toc437597629][bookmark: _Toc460490774]Figure 5: Coral reef community and water quality trends in the Barron Daintree sub-region. 
[bookmark: _Toc437424296][bookmark: _Toc437432349][bookmark: _Toc437597630]Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.
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5.2	Wet Tropics Region: Johnstone Russell-Mulgrave sub-region
The catchments within this sub-region have a high proportion of upland National Park and forest. Land use in this sub-region is primarily for sugar production on the coastal plain and a significant area of the Johnstone catchment is utilised as grazing land (Brodie et al. 2003). The inshore reefs adjacent to these catchments are most directly influenced by the discharge from the Russell-Mulgrave and Johnstone rivers. 
[bookmark: _Toc437423851][bookmark: _Toc437424030][bookmark: _Toc437424297]
[bookmark: _Ref438119862][bookmark: _Toc437597631][bookmark: _Toc460490775]Figure 6: Johnstone Russell-Mulgrave sub-region reef locations, environmental conditions and disturbances.  
[bookmark: _Toc437424298][bookmark: _Toc437432351]a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer period (1st December to 31 March) each year indicated by black symbols d) Combined daily (blue) and annual (red) discharge for the combined Johnstone, Russell, and Mulgrave rivers, red dashed line represents long-term median discharge (1970-2000).

Information from six reefs sampled under the MMP along with Fitzroy and Green, monitored under the LTMP contribute to coral index (Figure 6a). Compared to reefs in other regions these reefs experience less exposure to plume type waters – only High West is exposed to secondary plume-type waters for more than 40% of the wet season (Figure 6a, Table A 4). This lower exposure to flood plumes is reflected in the regional chlorophyll and turbidity levels that are typically below guideline values (Figure 7g,h) and the water quality index that has remained “good” to “very good” (Figure A 11). 
In 2015 the coral index for this sub-region was ‘moderate’ with the trend in the index over time showing fluctuations between this current score and ‘good’ (Figure 7a). Initial improvements in the index form 2005 to 2006 reflect the recovery of reefs form previous impacts attributed to crown-of-thorns seastars and coral bleaching (Sweatman et al. 2007, Ayling & Ayling 2005).
Over the course of the MMP the impacts of cyclones have had the most significant direct effect on the state of coral communities in this sub-region (Figure 6b). In 2006 Cyclone Larry caused a 63% (2m depth) and 50% (5m depth) loss of coral cover at Franklands East (Table A 2, Figure A 2). In the years following, strong positive trends in coral cover, the increase in representation of sensitive species in the coral community and moderate rates of coral cover increase saw the coral index rapidly return to ‘good’ in 2009 and 2010 (Figure 7a,b,d,e). In 2011 two consecutive cyclones, Tasha and Yasi caused significant widespread physical damage to reefs in the southern part of the sub-region as well as freshwater bleaching at High West associated with flooding of the local rivers (Figure 6d, Figure A 2, Table A 2) the overall result being a sharp decline in the coral index (Figure 7a).  
The effects of cyclones were further compounded by the increased prevalence of disease in 2011. The most affected reefs where at Fitzroy Island where mortality, predominantly of Acropora colonies, resulted in a loss of 60% (2m) and 42% (5m) of the coral cover at Fitzroy East (Figure A 2, Table A 2). The drivers of the marked increase in disease observed at the Fitzroy Island sites are not immediately obvious. Although increased incidence of disease did coincide with the record annual discharge of 2011, the previous year saw similar levels of disease, albeit far less mortality, despite discharge being near median level (Figure 6d). The onset of disease in this region did correspond to slight increases in both turbidity and chlorophyll concentrations (Figure 7g, h). 
Two cycles of crown-of-thorns seastar (COTS) outbreaks have influenced coral communities in this region since monitoring began in 1992, the first in 1996-2000 caused substantial loss of cover at Green (where 55% of coral was lost in the year January 1996 to January 1997), Fitzroy Island and The Frankland Group (Table A 2). In 2012 and 2013 elevated numbers of COTS were again observed in at Fitzroy and targeted for removal by Australian Government funded crown-of-thorns seastar management program. In 2013 COTS had caused a 44% of the hard coral cover compared to that observed in 2011 (Table A 2). At both Fitzroy and Green reductions in hard coral cover and in particular the family Acroporidae (Figure A 2) through to 2015 are primarily the result of COTS feeding. In contrast although low numbers of COTS were observed at the Frankland Group and High between 2012 and 2015 there was little evidence for an impact to coral cover at these reefs. 
The water quality index for the sub-region, though showing slight declines has remained ‘good’ over the course of the MMP (Figure A 11). However, there has been a consistent increase in the detected levels of NOx to near GBRMPA guideline levels in recent years, a pattern also seen to the north in the Barron-Daintree sub-region (Figure A 11). Nitrate (the dominant component of NOx) is soluble and bonds to soil particles, as such it accumulates in groundwater supplies until soil saturation is reached at which point it is remobilised and transported via runoff (Rasiah & Armour 2001). This accumulation and eventual transport of nitrate may explain the observed increases in NOx. It is possible the peak in disease was related to the changing nitrogen conditions, a link previously demonstrated (Kuta & Richardson 2002, Bruno et al. 2003, Vega Thurber et al. 2013).


[bookmark: _Ref438119880][bookmark: _Toc437423852][bookmark: _Toc437424031][bookmark: _Toc437424299][bookmark: _Toc437597632][bookmark: _Toc460490776]Figure 7: Coral reef community and water quality trends in the Johnstone Russell-Mulgrave sub-region. 
Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.

Given the repeated disturbances and suppression of recovery evidenced by losses attributed to disease, the trajectory of the coral index in the years since 2011 has not shown the same rapid improvement observed following previous disturbances (Figure 7a). This slowed recovery is evident in the negative trends observed for coral composition and most significantly change in coral cover (Figure 7e,f). Despite this, the coral index has steadily improved in the last few years as a result of increasing densities of juvenile corals (Figure 7d), recent declines in the representation of macroalgae in the algal community (Figure 7c) and increased representation of sensitive coral species especially at High East and the Frankland East (Figure 7f, Figure A 2).
That the reefs in poorest condition in this sub region are those in the best water quality (Table A 4) is initially counterintuitive, this result does not, however, preclude the role of nutrient loading as a contributing factor. The reefs at Green Island, Fitzroy Island and the Frankland Group all have a history of COTS outbreaks as do the more offshore reefs throughout this region (De’ ath et al. 2011, Sweatman et al. 2007). Links between water quality and the outbreaks of COTS suggest the broader impact of nutrient loading to coral reefs in this region (Brodie et al. 2008, Fabricius et al. 2010, Furnas et al. 2013). In addition the coral communities at these reefs are dominated by Acropora spp. a group most impacted by disease. The loss of these corals to disease results in declines in both the cover change and community composition indicators.


[bookmark: _Toc437424408][bookmark: _Toc437424532][bookmark: _Toc437432463][bookmark: _Toc437432536][bookmark: _Toc460490663]5.3	Wet Tropics Region: Herbert Tully sub-region
The Tully catchment has a high proportion of forest and National Park areas while the predominant land use in the Herbert catchment is grazing. Around 10% of the sub-regional area is used for sugarcane cropping along the coastal flood plain (Brodie et al. 2003, GBRMPA 2012). Combined, these two catchments form the largest drainage area of the three sub-regions in the Wet Tropics.


[bookmark: _Ref438120434][bookmark: _Toc437423853][bookmark: _Toc437424032][bookmark: _Toc437424300][bookmark: _Toc437597633][bookmark: _Toc460490777]Figure 8: Herbert Tully sub-region reef locations, environmental conditions and disturbances. 
[bookmark: _Toc437424301][bookmark: _Toc437432354][bookmark: _Toc437597634]a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer period (1st December  to 31 March) each year indicated by black symbols d) Combined daily (blue) and annual (red) discharge for the Herbert and Tully rivers, red dashed line represents long-term median discharge (1970-2000).

The sampling sites in this sub-region are primarily influenced by discharge from the Tully and Herbert rivers. As of 2015, monitoring of King was ceased in favour of a new location at Bedarra selected to coincide more closely with a revised sampling design for water quality monitoring in the sub-region. All of these sites experience substantial exposure to secondary plume-type waters during the wet season (Figure 8a) though a gradient of exposure from south to north is apparent in magnitude of this exposure to plume type waters and more specifically chlorophyll a and turbidity levels (Table A 4). 
The coral index has improved from ‘poor’ to ‘moderate’ in 2015. Overall the trend in the health index identifies two distinct declines in the condition of the coral communities in the sub-region followed by a gradual improvement in subsequent years (Figure 9a). The declines seen in the health index have, on both occasions, been the result of impacts on the coral communities resulting from cyclones:  Cyclone Larry in 2006 and Cyclone Yasi in 2011 (Figure 8c), which combined, account for 89.7% and 98.6% of the hard coral cover lost since 2005 at 2m and 5m depths respectively (Figure 8b) and incur the highest level of disturbance to coral communities of any regions monitored by the MMP.
The slow rate of recovery following disturbances (Figure 9e) and the loss of hard coral cover due to disease, indicates a strong likelihood that the high turbidity and chlorophyll concentrations (Figure 9g,h)  have suppressed the resilience of coral communities in this sub-region. The trend in instrument measured turbidity (NTU) consistently exceeds guideline thresholds, and whilst concentrations have fluctuated, with peaks well above guideline levels, there is an indication of an increase in the background levels of chlorophyll a (Figure 9g, h). As seen in the other two sub-regions of the Wet Tropics there has also been a consistent increase in the concentration of NOx and dissolved organic carbon (DOC) in the Herbert Tully sub-region (Figure A 12d,j & Lønborg et al. 2015). Further evidence of the effects of nutrients as a pressure for coral communities in this sub-region is the persistently high representation of macroalgae on most reefs, and in particular at the 2m depths (Figure 9c, Figure A 3). 
Marked increases in the density of juvenile hard corals have played a role in the improvements of the coral index following cyclones in the sub-region (Figure 9d). In many cases this is due to large numbers of Turbinaria spp. (family Dendrophylliidae, Figure A 3). This genus is known for being tolerant of poor water quality (Sofonia & Anthony 2008) and as such this marked increase in juveniles of this genus does not necessarily imply a response to improved environmental conditions. In contrast, increases in both the density of juveniles and the cover of adult corals of the family Acroporidae (Figure A 3), a group sensitive to poor water quality, contribute to the improvement of the community composition indicator (Figure 9f) as well as the increase in coral cover (Figure 9b). 
On balance, given the severe impacts resulting from tropical cyclones, it is difficult to assess the chronic pressures potentially associated with poor water quality.  That said, the persistence of high proportions of macroalgae on all reefs, with the exception of Barnards where chlorophyll and turbidity levels are lowest (Figure A 3, Table A 4), does imply a nutrient related limitation to the resilience of these reefs. The proportion of macroalgae on reefs within the nearshore GBR shows a clear relationship with chlorophyll levels (see section 6.2.2) a proxy for nutrient availability.




[bookmark: _Ref438120452][bookmark: _Toc437423854][bookmark: _Toc437424033][bookmark: _Toc437424302][bookmark: _Toc437597635][bookmark: _Toc460490778]Figure 9: Coral reef community and water quality trends in the Herbert Tully sub-region. 
Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.


[bookmark: _Toc437424409][bookmark: _Toc437424533][bookmark: _Toc437432464][bookmark: _Toc437432537][bookmark: _Toc460490664]5.4	Burdekin Region
The Burdekin Region is one of the two large dry tropical catchment regions adjacent to the Reef, with cattle grazing as the primary land use on over 95% of the catchment area (Brodie et al. 2003, GBRMPA 2012). There is also extensive irrigated planting of sugarcane on the floodplains of the Burdekin and Haughton rivers. Fluctuations in climate and cattle numbers greatly affect the state and nature of vegetation cover, and, therefore, the susceptibility of soils to erosion and off-site transport of suspended sediments and associated nutrients. 

[bookmark: _Ref438120590][bookmark: _Toc437597636][bookmark: _Toc460490779][bookmark: _Toc437423855][bookmark: _Toc437424034][bookmark: _Toc437424303]Figure 10: Burdekin region reef locations, environmental conditions and disturbances
[bookmark: _Toc437597637]. a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer period (1st December to 31 March) each year indicated by black symbols d) Combined daily (blue) and annual (red) discharge for the Burdekin River, red dashed line represents long-term median discharge (1970-2000)


Ten reefs are sampled for estimation of the coral index in this region, with three water quality sampling locations co-located at Magnetic, Pandora Reef, and Palms West (Figure 10a). The inner reefs of Middle, Magnetic, and Lady Elliot are, on average, exposed to secondary plume-type waters for more than 75% of the wet season (Figure 10a). Exposure to secondary plume-type waters then declines through Pandora, Havannah and Palms West to Palms East that is exposed for an average of 13% of the wet season (Figure 10a, Table A 4). At over 100km from the mouth of the Burdekin River reefs at Magnetic Island are the closest well developed coral communities in the inshore area to this major river. 
The composition of coral communities vary in response to environmental gradients. Within the Burdekin region there is a shift from communities dominated by the families Acroporidae, Pocilloporidae and Poritidae (genus Porites) in clearer waters through to communities dominated by families such as Agariciidae, Oculinidae, Pectiniidae and Poritidae (Genus Goniopora) in more turbid and sheltered settings (Figure A 4). In addition to selecting for different community types, the environmental setting of these reefs has also resulted in differential exposure to disturbances. The orientation of the reef differentially exposes corals to physical damage by cyclone-driven waves (e.g. Palms East vs Palms West), and those locations in the north of the region have experienced more cyclonic events than those in the south (Table A 2). Differences in community composition also result in differential impact of bleaching events as susceptibility to thermal stress varies among species (Marshall & Baird 2000). The coral communities in clear waters or shallow depths in more turbid waters tend to be dominated by Acroporidae and have been most damaged by cyclones and bleaching events, and continue to share very low coral cover (Figure A 4). The exception is Havannah where the Acroporidae at 2m was sheltered from Cyclone Yasi and cover has shown a marked increase. Conversely, the relatively sheltered communities at Middle Reef, Lady Elliot Reef (5m), and Pandora North, maintain a moderate coral cover as they have been less exposed to recent cyclones and have a high representation of slow growing species relatively resistant to thermal stress, and high turbidity. 
Since monitoring began cyclones account for >50% of declines in coral cover observed within the region (Figure 10b). East-facing locations, such as Palms East and Lady Elliot, are particularly exposed to storm driven seas, and show the impacts of Cyclone Larry (2006) and Cyclone Yasi (2011) (Figure A 4, Table A 2). A period of excessive monsoonal floodwaters (2007 – 2012) has been the only other identifiable pressure over the last ten years. This period saw Burdekin River discharge at well above median flows following a period of several years of drought (Figure 10d, Table A 1). Although not categorised as a disease outbreak for the purpose of disturbance estimation (Figure 10b), elevated levels of disease where observed from 2007 to 2009 (Figure A 7) consistent with the selection against sensitive species as a result of increased loads of sediment and nutrients being delivered from the catchment (Joo et al. 2012, Turner et al. 2012, 2013). This loss of Acropora spp. cover, in particular, contributed to the slight decline in the composition indicator (Figure 11f), the coral change indicator and also the coral cover indicator over the period of high river discharge (Figure 11b,e,f).. 
There has been no outbreak of COTS at these locations since the MMP began in 2005. Temperature records since 2005 reveal no extreme temperature events that would be expected to cause extensive coral bleaching (Figure 10c). Prior to the temperature records provided here, thermal bleaching in 1998 was responsible for losses of 49% and 11% of the hard coral cover at Havannah North and Pandora North respectively (Table A 2) with impacts wide spread across the reefs in this region (Berkelmans et al. 2004) and recovery slow (Done et al. 2007, Sweatman et al. 2007, Cheal et al. 2013)
The coral index declined from a moderate condition in 2010 to poor as result of the impact of Cyclone Yasi and associated extreme flooding (Figure 10c,d) then continued to decline through to 2013 (Figure 11a). Both the high representation of macroalgae and continually low densities of juvenile corals (Figure 11,c,d) along with the loss of species sensitive to water quality at some reefs (Figure 11f, below 0.5) suggest general suppression of coral community resilience through to 2013. After the impact of Cyclone Yasi the coral index could have dropped lower but was offset by the physical removal of macroalgae. Macroalgae was, however, quick to re-establish on the newly available space. Coinciding with lower river flows in 2014 and 2015 (Figure 10d) was an increase in coral cover, coral growth, densities of juvenile corals along with an increase in the proportion of water quality sensitive species in the coral communities and corresponding reduction in the cover of macroalgae (Figure 11b,c,d,e,f). The rise in juvenile density was driven predominantly by high numbers of Turbinaria spp. at Lady Elliot (Figure A 4), a genus that favours turbid high nutrient environments. There were also increases in the density of Acroporidae juveniles most reefs in Halifax bay compared to that observed prior to 2011 (Figure A 4) signalling an important return of this sensitive species to the communities. 


[bookmark: _Ref438120796][bookmark: _Toc437423856][bookmark: _Toc437424035][bookmark: _Toc437424304][bookmark: _Toc437597638][bookmark: _Toc460490780]Figure 11: Coral reef community and water quality trends in the Burdekin region. 
Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.

Macroalgae has maintained a dominant presence at most of the monitored locations (Figure 11c, Figure A 4), indicating the availability of nutrients, space, and appropriate light levels. Exceptions are Palms East and West where nutrient levels are lowest and Middle Reef where there is limited space suitable for macroalgal colonisation due to high levels of silt deposited to the substrate, but also high turbidity limiting the light available to the algae (Table A 4). Macroalgae cover was regionally high following the first flood of the Burdekin River in 2007, and has generally declined since (Figure 10c). Low cover of macroalgae in 2011 coincided with Cyclone Yasi and was likely the result of physical removal. Recent regional declines in the cover of macroalgae following the decrease in Burdekin River flow will partially release their downward pressure on coral settlement and survival (Birrell et al. 2008 a, b). 
In contrast to the coral index the water quality index for the Burdekin Region has declined slightly from 2013 to 2015 though remains categorised as ‘good’ (Figure A 13). Variables that did rise or were high over the 2011-2013 period that coincided with a period of low rates of cover increase on most reefs (Figure 11e), were dissolved organic carbon (DOC) and oxides of nitrogen (NOx) (Figure A 13j,d) and turbidity (NTU) measured by continuous data loggers (Figure 11h). The prolonged increase in these variables suggests that there is a long residence time producing a distinctive lag in the decline of these metrics (Brodie et al. 2012a). 
In summary, recent gains in the coral index indicate that recovery is underway, and, if the change in weather patterns delivers another ‘drier’ wet season, improvement in water quality and ongoing recovery should be expected. A caution, however, is that palaeo-ecological evidence suggests that present-day coral assemblages on reefs in Halifax Bay are the result of a shifted baseline from dominant arborescent Acropora communities to a remnant community of sparse Acropora and/or dominant non-Acropora species (Roff et al. 2013). An implied cause of this change was the sustained decline in water quality resulting from the expansion of agriculture in the catchment. Exposed to increased chronic stress the once ubiquitous suite of arborescent Acropora species were no longer able to recover from recurring impacts of cyclones and floodwaters, suffering a systematic collapse between 1920 and 1955. The dynamics of the communities observed in this study broadly corroborate the interpretations of Roff et al. (2013). That our observation of increased level of disease in 2007-2009 (Figure A 7), decline in the rate of coral cover increase, and a slight shifts in coral community composition toward those more typical of turbid and nutrient rich habitats, all coincided with a period of high discharge of the Burdekin River (Figure 10d, Table A 1) suggest the ongoing selection against species insensitive to the elevated levels of pollutants delivered in flood plumes. Compounding the periodic impacts of poor water quality is that densities of juvenile corals are regionally low (Figure 11d). Hydrodynamic modelling (Luick et al. 2007, Connie 2.0[footnoteRef:1]) and differences in population genetics of corals (Mackenzie et al. 2004) indicates limited connectivity between Halifax Bay and reefs further offshore. This isolation, coupled with the widespread loss of cover in 1998 and 2002 as a result of thermal bleaching (Berkelmans et al. 2004, Sweatman et al. 2007, Table A 2) may explain the low densities of juvenile colonies observed (Done et al. 2007, Sweatman et al. 2007). In late 2010, we recorded a strong settlement pulse of Acropora to settlement tiles, potentially indicating that atypical currents provided greater connectivity to more distant brood-stock in that year (see case study in Thompson et al. 2013). However, their survival and progression into juvenile size classes was not strongly apparent (Figure 11). Recently slight increases in the density of Acroporidae juveniles at Palms East, Lady Elliot (2m), Pandora (5m), and Havannah North (Figure A 4) are an encouraging sign that community recovery is underway.  [1:  Connie 2.0, CSIRO Connectivity Interface, CSIRO connie2] 



[bookmark: _Toc437424410][bookmark: _Toc437424534][bookmark: _Toc437432465][bookmark: _Toc437432538][bookmark: _Toc460490665][bookmark: _Toc167192445][bookmark: _Toc167192447]5.5	Mackay Whitsunday Region 
The Proserpine, O’Connell, Pioneer and Plane catchments that enter the sea to the south are the most direct sources of runoff. The region is also potentially influenced by runoff from the Burdekin and Fitzroy rivers during extreme events or through longer-term transport and mixing. Land in this region is dominated by agriculture broadly divided into grazing in the upper catchments and sugarcane cultivation on the coastal plains (Brodie et al. 2003, GBRMPA 2012). In addition, there are expanding urban areas along the coast. 

[bookmark: _Ref438121092][bookmark: _Toc437597639][bookmark: _Toc460490781][bookmark: _Toc437423857][bookmark: _Toc437424036][bookmark: _Toc437424305]Figure 12: Whitsunday Mackay Region reef locations, environmental conditions and disturbances
[bookmark: _Toc437597640][bookmark: _Toc437424306][bookmark: _Toc437432359]. a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer (1st December to 31 March) each year indicated by black symbols, d) Combined daily (blue) and annual (red) discharge for the O’Connell and Pioneer rivers, red dashed line represents long-term median discharge (1970-2000). 

The coral communities in this region (Figure 12a) have had the lowest exposure to disturbances of any of the regions reported (Figure 12b). Temperature records since 2005 show no extreme temperature events that would have led to coral bleaching (Figure 12c) though  aerial surveys indicated extensive bleaching in the Whitsunday Islands in both 1998 and 2002 (Berkelmans et al. 2004, Table A 2). Observations from Dent and Daydream suggest an approximate 40% reduction in coral cover in shallow waters during 1998, while observations from AIMS LTMP monitoring sites further off shore and at depths of 6-8m record only marginal reductions (Sweatman et al. 2007). 
COTS outbreaks have not severely influenced any of the monitoring sites, though COTS have been observed in low numbers around Langford and Bird and also Hayman (pers. obs.) in the mid 1990’s with feeding scars also observed at LTMP sites in 2015.
The most severe acute disturbance to coral communities since monitoring began in 1992 was caused by Cyclones Ului in 2010. Loss of cover during the cyclone was highly variable ranging 53 % of coral cover lost at Daydream (5m), where stands of the fragile branching Acropora where patchily damaged though to no or negligible impacts at reefs sheltered from the storm (Figure 12b, Figure A 5). 
Over the period 2007 to 2013, annual discharge from the O’Connell and Pioneer rivers was above median levels (Figure 12d, Table A 1). The 2011 flood was the third largest on record for the O’Connell River. The onset of this period of high discharge carrying elevated loads of nutrients and sediments (Turner et al. 2012, 2013, Wallace et al. 2014, 2015) was accompanied by elevated incidence of coral disease (Figure A 7).  The loss of coral attributed to floods (Figure 12b) was categorised due to observed high loads of sediments on corals during surveys in 2009. The source of these sediments is not clear as the local rivers did not experience extreme flooding over the preceding summer (Figure 12d). Very high loads of sediments were introduced to the north by the Burdekin River in 2008 and 2009 and to the south by the Fitzroy River in 2008 (Joo et al. 2012) potentially offering an explanation for the origin of these sediments. The coral index for the Mackay Whitsunday region maintains a relatively stable profile, with a general assessment of ‘moderate’ (Figure 13a). The generally high cover of corals and correspondingly low representation of macroalgae in the algal communities across the region serve as a base for the continued ‘moderate’ classification (Figure 13b,c). The index did, however, decline to a low point in 2012 and has since recovered to 2008 levels in 2015. Declines in  the index were influenced by; Cyclone Ului in 2010 that caused a substantial loss of coral cover at Daydream in particular (Figure A 5), declines in the density of juvenile corals (Figure 13d) and a loss of sensitive coral species (Acroporidae)  (Figure A 5) both of which occurred  during the period of high discharge from local rivers (Table A 1. The upturn to 2015 largely reflects the return of these indicators to levels observed at the beginning of the program.
Despite being situated in an area frequently exposed to tropical cyclones (Figure A 8) physical damage from storms is limited (Figure 12b) as the fringing reefs are reasonably sheltered by the surrounding continental islands and mainland hills. High coral cover on these reefs appears to be the result of both the low incidence of recent disturbance events (Figure 12b) and the predominance of species that tolerate the high turbidity and nutrient levels in this region (Figure A 5, Figure 13g,h). In the sheltered locations of most of the coral sites high turbidity, represents both rapid light attrition and high rates of sedimentation resulting in selective pressures that have clearly influenced the composition of both adult and juvenile coral communities (Thompson et al. 2012). Marked differences in composition of coral communities between 2m and 5m indicates a steep gradient in environmental conditions; there is a clear predominance of corals tolerant to low light and high rates of sedimentation at 5m (e.g. families Oculinidae, Pectinidae, Agariciidae, genus Goniopora) compared to the 2 m depth where Acroporidae and Porites are most represented (Figure A 5). 
The cover of macroalgae has remained stable and low throughout the region. Only Pine and Seaforth maintain significant macroalgal cover (Figure A 5). Of all the reefs monitored Pine has the highest exposure to secondary plume type waters, chlorophyll a concentration and turbidity (Figure 12a, Table A 4, Figure 13g,h). Seaforth also has high concentrations of chlorophyll a though conditions are not worse than experienced at Shute harbour, Dent or Daydream (Table A 4) and so it is not certain what has inhibited macroalgal cover at these reefs. One possible explanation is a difference in grazing pressure. Herbivory has been demonstrated as critically important for the maintenance of reefs in a coral-dominated state (Hughes et al. 2007), and postulated to offer resilience to conditions that may otherwise support a shift to algal dominance (Cheal et al. 2013). For example, at Daydream Is, we consistently see higher numbers of the grazing urchin Diadema sp. than at Pine Is. 
Overall, the influence of prevailing environmental conditions such as high turbidity, nutrient availability and sedimentation have clearly selected for coral species tolerant of those conditions. Although recovery from the relatively minor disturbance attributed to Cyclone Ului is occurring, the generally slow rate of coral cover increase (coral change indicator consistently below 0.5, Figure 13e) questions the resilience these communities would show to a more severe and widespread disturbance if water quality remains at recently observed levels.
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[bookmark: _Ref438121221][bookmark: _Toc437423858][bookmark: _Toc437424037][bookmark: _Toc437424307][bookmark: _Toc437597641][bookmark: _Toc460490782]Figure 13: Coral reef community and water quality trends in the Mackay Whitsunday region.
[bookmark: _Toc437597642] Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.


[bookmark: _Toc437424411][bookmark: _Toc437424535][bookmark: _Toc437432466][bookmark: _Toc437432539][bookmark: _Toc460490666]5.6	Fitzroy Region 
The Fitzroy NRM Region has the largest catchment area draining into the Reef. By area, cattle grazing is the primary land use in the catchment (Brodie et al. 2003, GBRMPA 2012) and the initial clearing of vegetation for this purpose marked a significant change in the sources and increase in the quantity of sediment exported by the Fitzroy River (Hughes et al. 2009). Fluctuations in; climate, cattle numbers and farming greatly affect the state and nature of vegetation cover, and therefore, the susceptibility of soils to erosion and subsequent runoff.
[image: ]
[bookmark: _Ref438121562][bookmark: _Toc437423859][bookmark: _Toc437424038][bookmark: _Toc437424308][bookmark: _Toc437432361][bookmark: _Toc437597643][bookmark: _Toc460490783]Figure 14: Fitzroy Association Region reef locations, environmental conditions and disturbances. 
[bookmark: _Toc437424309][bookmark: _Toc437432362][bookmark: _Toc437597644]a) Location of monitoring sites red symbols MMP, black symbols LTMP, mean exposure to secondary plume type waters (Álvarez-Romero et al. 2013) during the wet season: December to March, over the period 2003-2015 indicated by colour. b) break-down and level of disturbances causing loss of hard coral cover over the period 2005-2015, level of disturbance is scaled to the maximum disturbance rate of 16% reduction in hard coral per year that occurred in the Tully Herbert sub-region (outer black ring), loss due to disturbance type ‘none’ reflects a shortfall in rate of cover increase during years free from acute disturbances. c) Seasonally adjusted temperature deviation, timing of cyclones and storms indicated by black arrows, accumulated degree heating days over the summer period (1st December to 31 March) each year indicated by black symbols d) Combined daily (blue) and annual (red) discharge for the Fitzroy River, red dashed line represents long-term median discharge (1970-2000).

Coral communities are monitored at six fringing reefs within Keppel Bay. Differences in turbidity and nutrient concentration at these reefs (Figure 14a, Table A 4)) influence both the composition and dynamics of benthic communities. Peak and Pelican are situated in relatively turbid and nutrient rich waters compared to reefs further offshore (Table A 4), Keppels South, Middle and North Keppel also share frequent exposure to secondary plume-type waters and higher nutrient and turbidity levels than Barren (Figure 14a, Table A 4). These differences in water quality are clearly evident in the benthic communities. At Peak and Pelican benthic communities differ markedly between the 2m and 5m depths (Figure A 6), illustrating the substantial attenuation of light as a result of high turbidity. Pelican has a highly stratified environment, supporting slow growing, low-light tolerant corals at depth, and fast-growing, light-loving Acroporidae in the shallows; the Acroporidae at 2m were completely killed by exposure to freshwater during the 2011 floods and replaced by macroalgae (Figure A 6). Recent surveys have noted the re-appearance of juvenile Acroporidae (Figure A 6). Even closer to the Fitzroy River, Peak is defined by a low cover of corals, low density of juvenile corals, high cover of macroalgae, and a lack of substantial reef development, suggesting that the environmental conditions at this location are marginal for most corals (Figure A 6). Further from the Fitzroy River, the coral communities at Keppels South, Middle Is, North Keppel, and Barren have dominant Acroporidae cover, principally, but not restricted to, the branching Acropora sp., Acropora intermedia and A. muricata at both 2m and 5m (Figure A 6). 
Prior to the commencement of the MMP in 2005, Queensland Parks and Wildlife Service monitoring of reefs in Keppel Bay from 1993-2003 recorded substantial loss of coral cover as a result of thermal bleaching events in 1998 and 2002 (Table A 2). Importantly, these surveys also demonstrated the resilience of the corals to these events with coral cover rapidly increasing in subsequent years (Sweatman et al. 2007). Initial MMP surveys in 2005 documented moderate to high hard coral cover on all the Acropora-dominated reefs confirming this recovery (Figure A 6). In 2005-06, increased sea surface temperatures (Figure 14c) again led to a severe bleaching event resulting in marked reductions in coral cover, in particular Acroporidae, and a resultant bloom of the brown macroalgae Lobophora variegata (Figure A 6, Diaz-Pulido et al. 2009). This event was responsible for approximately 15% of the coral cover lost in the region since 2005 (Figure 14b) and a reduction in the coral index from ‘moderate’ to ‘poor’ (Figure 15a). 
Following on from 2006 has been a period of frequent disturbances from both storms and flooding of the Fitzroy River (Figure 14c,d, Table A 1,Table A 2). While the region receives few cyclones compared to other regions (Figure A 8), the northward-facing reefs of Barren and Middle have been particularly vulnerable to storm damage. Storm driven waves in 2008, 2010, ex-TC Oswald 2013, ex-TC Dylan 2014 and Cyclone Marcia 2015 have been the main cause of coral cover declines at these reefs since the 2006 bleaching event (Table A 2). Compounding the impact of these storm events has been a period of intense flooding with annual discharge from the Fitzroy River exceeding the long-term median in 2008, and 2010-2013 (Figure 14d, Table A 1). The 2011 flood event was the largest on record and exposed shallow coral communities to low salinity waters that caused widespread mortality of corals at the 2m depths of Peak, Pelican and Keppels South (Table A 2, Figure A 6). Flooding also coincided with elevated levels of coral disease in 2008, 2010 and 2011 (Figure A 7). The consistent pattern of high incidence of disease amongst coral communities following each of the recent floods supports the hypotheses that increased organic matter availability, reduced salinity (Haapkylä et al. 2011), and increased nutrient enrichment (Vega Thurber et al. 2013) play a role in facilitating coral disease. Reduction in light levels over extended periods of time as a result of higher turbidity from increased concentrations of suspended sediments as well as dense plankton blooms following floods is another plausible explanation for reduced fitness of corals (Cooper et al. 2007) that may lead to disease. 
As a result of repeated disturbance the coral index remained in the ‘poor’ category for several years, balanced only by short-term depletion of macroalgae caused by hyposaline water and storms. With the seasonal floods diminishing in 2012-2013 (Figure 14d), macroalgae was released to grow (Figure 15c), dropping the index to ‘very poor’ (Figure 15a). Despite the recent impact on coral cover by Cyclone Marcia (2015) the coral index has risen to ‘poor’, buoyed by an increase in juvenile density, a decline in macroalgae and an improvement in the rate coral cover has increased during periods free from disturbance (Figure 15d,c,e).
The improvement in the coral change metric is encouraging given the underperformance of this indicator, especially at 5m depths in recent years (Figure 15e). Lower than expected rates of recovery of coral cover during years free from disturbance are categorised as disturbance type ‘None’ (Figure 14b). Low rates of cover increase were likely due to a combination of localised factors, such as low levels of juvenile recruitment at Pelican 2m depth where the entire coral community was killed by floodwaters (Figure A 6), competitive interactions between corals and the high cover of macroalgae present at the majority of sites, along with general water quality related stress of low light and ongoing low levels of disease. Specific limitation to cover increase also included a persistent population of the coral eating snail Drupella sp. at North Keppel and loss of coral cover to over-growth by the bio-eroding sponge Cliona orientalis at Pelican and Peak in particular (SCUBA search data).
The regional water quality index has maintained an assessment of ‘good’ since 2008, increasing to ‘very good’ based on the limited data collected in 2015 prior to ending of the water quality time series (Figure A 15). Regional water quality indicators had remained at or bordering defined thresholds, with reasonably flat trends in particulate phosphorous, dissolved oxidised nitrogen, and dissolved organic carbon (Figure A 15). There was a slight downturn for 2014-2015 in measures of chlorophyll a particulate nitrogen and particulate organic carbon that contribute to the improvement in the index (Figure A 15). 
Variation in the resilience of communities to the 2006 bleaching event provides insight into the role of water quality in suppressing resilience in this region. The level of recovery following the 2006 bleaching event is inversely related to the persistence of macroalgal communities. At the three Acropora sp. dominated communities most often exposed to secondary plume-type waters (Keppels South, Middle and North Keppel, Figure 14a, Table A 4) macroalgal cover (predominantly Lobophora variegata) remained high and rates of change in coral cover remained low or cover has continued to decline (Figure A 6). In contrast, Barren, where exposure to flood plumes is rare, had lower levels of all water quality variables (Table A 4) and the bloom of L. variegata was less pronounced and recovery of the coral community clearly progressed in 2007 (Figure A 6).
In summary, the improvement of the coral index to ‘poor’ represents the first sign that coral communities are beginning to recover from a period of frequent disturbance and regain the resilience demonstrated following previous bleaching events (Sweatman et al. 2007). Light reduction as a result of turbidity, increased nutrient supply, along with lower salinity, are all mechanisms that reduce coral fitness or contribute to higher rates of disease in corals (e.g. Fabricius 2005, Voss & Richardson 2006, Haapkylä et al. 2011, Vega Thurber et al. 2013). With the recent return to lower flows and correspondingly lower loads of sediments and nutrients delivered by the Fitzroy River (Garzon-Garcia et al. 2015), the rate at which coral condition  improves will help to assess the longer term impacts of runoff on the ecology of the reefs in this region. 
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[bookmark: _Ref438121610][bookmark: _Toc437597645][bookmark: _Toc460490784]Figure 15: Coral reef community and water quality trends in the Fitzroy region.
[bookmark: _Toc437597646] Coral index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. Coral index is calculated from benthic community variables plotted in b-f. Trends in benthic community variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, grey lines represent observed profiles averaged over depths at individual reefs. Trends in manually sampled chlorophyll a (g) are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends in records of chlorophyll a and turbidity (g, h) from ECO FLNTUSB instruments are represented in red, individual records are not displayed. Dashed reference lines indicate GBRMPA (2010) guideline values.



[bookmark: _Toc437424412][bookmark: _Toc437424536][bookmark: _Ref437428158][bookmark: _Ref437429092][bookmark: _Ref437429200][bookmark: _Toc437432467][bookmark: _Toc437432540][bookmark: _Toc460490667]Revision of report card indicator metrics 
[bookmark: _Toc437424413][bookmark: _Toc437424537][bookmark: _Toc437432468][bookmark: _Toc437432541][bookmark: _Toc460490668]6.1 Report card concept
The coral reef component of the marine monitoring program (MMP) has the primary aim of monitoring the condition of reefs in the inshore waters of the GBR. These reefs are directly influenced by sediments, nutrients and toxicants resulting from activities occurring in the catchments and abutting coastal zones. As expected, coral communities show clear relationships to local environmental conditions, however, these relationships do not easily translate into an assessment of the condition of these communities in response to degraded water quality, as gradients in both environmental condition and community composition may naturally occur. 
Reef Plan in general can be considered in a Drivers-Pressures-States-Impacts-Responses (DPSIR) framework (Maxim et al. 2009, Rehr et al. 2012). Socio-economic factors are the drivers of human activates from local, within catchment, scale through to the global scale. Human activities result in both locally derived pressures on downstream ecosystems such as increased exposure to sediments, nutrients and toxicants that interact with global pressures such as climate change. These pressures change the state of the waters surrounding coral reefs and in turn influence the state of coral communities. The purpose of the coral component of the Reef Report Card is to synthesise the state of coral communities based on a range of indicators of coral community condition. This state can then be interpreted in terms of impact on desirable ecosystem functioning or services that in turn can be used to inform decisions as to the need for response such as policy or regulatory actions to alleviate that impact.
Following the DPSIR framework it is obvious that the choice of indicators used to assess ecosystem state should have the properties of being responsive to pressures of interest but also relevant in terms of the desirable state of the ecosystem. The underlying premise of Reef Plan is that land use practices adjacent to the GBR have resulted in increased loads of contaminants in the form of sediments, nutrients and pesticides into the waters of the GBR (Waters et al. 2014) and this has resulted in a concomitant reduction in water quality that has impacted GBR ecosystems. This concept is captured by the stated goal of Reef Plan 2013 that is “To ensure that by 2020 the quality of water entering the reef from broadscale land use has no detrimental impact on the health and resilience of the Great Barrier Reef” (Anon. 2013). This goal sets the purpose of the Reef Plan multimetric index for coral communities as one of assessing communities for improvements consistent with expectations under reduced water quality pressure. At a higher level it is the Vision of Reef 2050 Long-Term Sustainability Plan that “In 2050 the Great Barrier Reef continues to demonstrate the Outstanding Universal Value for which it was listed as a World Heritage Area and supports a wide range of sustainable economic, social, cultural and traditional activities”, a vision that brings a socioeconomic perspective to the desirable state of GBR ecosystems. 
The coral community component of the Reef Report card is a biological assessment that is used to evaluate the state of coral communities as a means of inferring cumulative effects of a range of environmental conditions and pressures (Karr & Chu, 1999). As a tool of both ecologists and managers, biological assessments are particularly useful as the biological responses measured can indicate the cumulative response to multiple pressures over a range of spatial or temporal scales where those pressures, or their interactions, are difficult to fully identify or parameterise (Karr 2006). As discussed by Bradley et al. (2010), biological assessments should be based on a range of indicators that each focus on separate scales of influence or modes of response. The aggregation of multiple indicators into a “multimetric index” provides a broad basis for the assessment of biological integrity while also producing a single “score” for reporting purposes.
[bookmark: _Toc437424414][bookmark: _Toc437424538][bookmark: _Toc437432469][bookmark: _Toc437432542]6.1.1 Rationale for indicator selection
Due to the inference ascribed to biological assessments it is important that each indicator included in a multimetric index be carefully selected and tested to ensure it is both relevant to the purpose of the index and can be feasibly implemented in a manner able to detect differences in the response (Jameson et al. 2001). The conceptual model underpinning the selection of coral community indicators for Reef Plan is that coral communities are naturally dynamic; existing in a cycle of disturbance and recovery. For coral communities to persist requires the long-term balance between the frequency and severity of disturbances and the rate at which communities recover. Poor water quality is assumed to disrupt this balance by either increasing the susceptibility of coral communities to disturbance or supressing the rate at which communities recover, that is, poor water quality reduces the resilience of coral communities. This conceptual model identifies community resilience as the overarching response for the coral index and steers the selection of indicators toward those representing critical demographic: recruitment, growth, mortality, or ecological: competition, processes that underpin coral community resilience. A further important consideration is the large spatial (ideally the length of the GBR) and temporal (responses to improved land use practices are likely to decadal) scale of interest as this imposes limitations to sampling methods employed along with the spatial and temporal replication of that sampling. In the case of the MMP the sampling strategy adopted from the onset constrained the choice of indicators to those that are: represented across the range of coral reefs within the inshore GBR, have an expected response time in the order of months to years; as determined by the annual or biennial sampling design, and be reliably estimated from the sampling methods employed. 
Several studies have assessed potential indicators to be used in a multimetric index as a way of evaluating the integrity of communities influenced by local pressures such as increases in nutrients and sediments (e.g. Fisher et al. 2008, Cooper et al. 2009, Fabricius et al. 2012) or by global pressures such as climate change (McClanahan et al. 2012).  A number of biological indicators introduced by Fabricius et al. (2012) and McClanahan et al. (2012) were not incorporated in the MMP for the following reasons. 
Firstly, there are a range of indicators that focus on short-term stress responses of organisms (Cooper et al. 2009). We will not expand on these here, save to say, that such indicators are more suited to impact assessment work related to specific activities, such as dredging operations. Here, the motivation would be to identify sub-lethal levels of stress that could be mitigated through management of the activity prior to mortality occurring. For a monitoring program such as the MMP where the focus and sampling design is aligned with monitoring the long-term dynamics of communities over large spatial scales and in response to cumulative environmental stressors, it is unclear how the identification of sub-lethal stress could lead to any management action that could immediately alleviate that stress. Rather, it is the culmination of such stressors that will result in differences in key demographic indicators such as growth rate of corals, recruitment success and also selection against sensitive species, and this type of information is available from the MMP sampling design. 
A second group of indicators are those that target changes within a single species in response to environmental conditions (e.g. the density of bio-eroding organisms in, or the rugosity of, massive Porites colonies as described by Cooper et al. (2009). The focus on single species or groups of species has two primary drawbacks for long term programs: either, the species may be rare or absent from some locations and so time consuming or impossible to sample, or, the species may become locally extinct as a response to a disturbance event. In both cases the missing scores for the indicator has the potential to bias indicators across reefs or through time. 
[bookmark: _Toc437424415][bookmark: _Toc437424539][bookmark: _Toc437432470][bookmark: _Toc437432543]Finally, there are abiotic indicators that describe the environmental conditions of a location. For the monitoring of coral communities environmental conditions should be viewed as pressures rather than indicators. McClanahan et al. 2012 included the environmental variables; temperature variability, sedimentation, pollution along with direct human impacts of fishing pressure and physical damage as indicators of resilience to thermal bleaching. Such location-specific physical properties are relevant for matters such as decisions on the location of protected areas (Maynard et al. 2015). For the monitoring of coral community resilience however, such abiotic variables are more appropriately viewed as pressures. When such pressures do not vary through time, rather describe the environmental setting of a location, such as depth of water, aspect in relation to prevailing winds and waves or location along naturally occurring gradients of turbidity it is important to consider these variables in determining appropriate thresholds for biological indicators that may vary in response to these underlying conditions. When pressures are temporally variable monitoring exposure can facilitate the interpretation of likely causes for observed change in biological indicators – this includes both pressures associated with human activities, such as nutrient and turbidity levels as well as natural pressures such as exposure to cyclones. 
6.1.2 Reason for revision of report card metrics
The initial selection of indicators to report coral community condition on reefs monitored under the MMP were formulated during a workshop in 2007 run by the GBRMPA and subsequent post workshop deliberations between workshop participants and GBRMPA staff. Each of the indicators could be considered in terms of current state, or potential for recovery, of a coral dominated community. Indicators were further developed and linked to key water quality parameters during a series of workshops in which expert opinion was used to develop the conceptual model for corals presented in Kuhnert et al. (2014) that largely reiterates that of Fabricius (2011). In combination, these more formal expressions of the conceptual model for coral community dynamics under the influence of water quality pressures served to reinforce the appropriateness of the selected indicators.
The indicators selected were: the combined cover of hard and soft corals, the cover of macroalgae, the density of juvenile hard corals, the rate of change of coral cover and the settlement of hard corals to terracotta tiles. Thompson et al. (2010b) presented a baseline assessment of coral community condition based on data collected between 2005 and 2009, which was included in the First Report Card of the Paddock to Reef Integrated Monitoring, Modelling and Reporting Program (Anon. 2011). Thompson et al. 2010b
Subsequent to Thompson et al. 2010b, the estimation of coral community condition was revised with the view to enhancing the sensitivity of the assessment to change. In short, the period over which the metric based on rates of increase in cover of hard corals was restricted to three years, and coral settlement was removed as a metric due to high inter-annual variability without clearly attributable causes. The 2010-2014 coral scores for the reef report card used this revised assessment protocol (most recently Thompson et al. 2014b).
To date, the thresholds applied to each indicator metric have been consistent among reefs, though did vary between 2m and 5m depths for some indicators, and were based on the distribution of values observed in 2005 as a baseline condition (Table 7). The assessments of condition applying these thresholds were deliberately coarse and were categorised on a three point scale:
Positive (numerical score of 1), when the value of the indicator was above the threshold; 
Neutral (score of 0.5), when the value of the indicator fell within the range of the threshold, or 
Negative (score of 0), when the value of the indicator was below the threshold.
The aggregation of these individual scores at the level of reef and depth was simply a matter of averaging the scores to the spatial level of interest. Lastly, these average scores were converted to qualitative assessments by converting to a five point rating and colour scheme whereby scores of: 
0 to 0.2 were rated as ‘very poor’ and coloured red
>0.2 to 0.4 were rated as ‘poor’ and coloured orange
>0.4 to 0.6 were rated as ‘moderate’ and coloured yellow
>0.6 to 0.8 were rated as ‘good’, and coloured light green
>0.8 were rated as ‘very good’, and coloured dark green.
This scoring procedure provided a consistent framework within which to compare the condition of communities between locations and through time. It was, however, insensitive to the natural variation in indicators that may occur due to underlying differences in the environmental conditions influencing a particular location, but also the magnitude of deviation from the threshold condition. 
Armed with: the accumulated time-series of observations collected by the MMP since 2005, and an independent review of the program that identified short comings in the initial approach (Kuhnert et al. 2014), along with the intention to include additional time-series of coral communities monitored by the AIMS long-term-monitoring program (LTMP) to improve the precision of estimates of coral community condition (Walshe et al. 2014), it is timely that the calculation of the coral index component of the Report Card be revised.
The purpose of this revision is to ensure that the methods used to calculate Report card scores are transparently documented but also that the scores are based on the most relevant indicators and thresholds for the assessment of coral community condition. This revision specifically: 
Considers additional indicators that could enhance the assessment of coral community condition and describes a new indicator based on change in coral community composition;
Sets thresholds that take into account variability in communities along environmental gradients;
Incorporates a scoring system that scales scores relative to the magnitude of deviations away from thresholds; 
Incorporates a measure of uncertainty in resulting report card scores aggregated to regional and GBR-wide scales;
Provides clear description of the methodology used to estimate scores for each indicator, and aggregate scores into the coral index at increasing spatial scales.
The intent is that this report chapter will be transferred to the MMP QA/QC document in 2016 and serves as the rationale and methodological reference for the coral community component of the Report Card. Each of the four previously utilised indicators are retained in a revised form and are complemented by the introduction of a fifth indicator that assesses long-term change in community composition. For each indicator the rationale for their inclusion and detailed descriptions of the derivation of index scores are presented separately. Secondly, the methods used to aggregate these scores into the coral index that forms the basis of the Report Card score at the scale of NRM regions and the GBR are presented. Finally, as a point of reference, a comparison between report card scores estimated from the revised and previously used methods is included.
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Critical to the application of biological indicators as a means of inferring ecosystem condition or state is the setting of reasonable thresholds against which observed condition can be assessed. To be useful in inferring condition, thresholds must be within the range of plausible outcomes for the indicator to which they pertain and set so that deviations can sensibly be interpreted in terms of ecosystem condition (Bradley et al. 2010). When considering the scoring of indicators for coral reef community state in the inshore GBR it is important to consider the natural state that would be expected or desired in any particular location. Importantly, the fact that coral reef communities vary naturally along environmental gradients should be explicitly considered and scoring of state adjusted based on ecological understanding of such gradients where appropriate. Equally important, is how the deviations from any thresholds are scored so that information from separate indicators, or locations, can be combined into a multimetric index over a range of spatial scales of interest. 
To date the thresholds used in the coral Report Card were commonly applied across all reefs and largely selected to broadly cover the range of values observed in baseline surveys of the communities. While this approach ensured that the threshold values were plausible in terms of representing achievable conditions across the reefs, in general it did not consider the appropriateness of these thresholds in either ecological terms or the validity of using the same threshold values for reefs spanning a range of environmental conditions. For each indicator the following questions were asked as a way of guiding the final selection of indicator thresholds:
Is there an expectation that condition of the indicator should naturally vary along the steep gradient in water quality spanning monitoring locations? If so, this would suggest the development and use of location-specific thresholds.
Is there a desirable state in terms of ecosystem function or value that can guide the setting of a threshold? 
A second, related issue is how to score deviations from threshold values. To date, the scoring for indicators within the coral Report Card has been based on a categorical scale with thresholds set as a range of conditions within which the indicator scored a neutral score of 0.5 and then either a positive score of 1 or negative score of 0 when observed condition deviated either above or below these threshold ranges (Table 7). The consequence of this scoring system was the quite dramatic shift in scores when community condition changed marginally about the threshold’s upper or lower limits. An advantage of this scoring system is that all scores were scaled between 0 and 1, allowing for simple aggregation across indicators and sites. For the revised scoring system we have applied a continuous scoring where appropriate, but maintained the scaling of these scores to lie within the range of 0 to 1 to facilitate aggregation of across metrics and spatial scales.
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In determining the sources of data that could be incorporated into the coral index we were guided by the desire that report card scores should be spatially and temporally comparable and data quality assured. These considerations effectively constrain retrospective inclusion of data to the time series of coral community observations collected by the AIMS long-term monitoring program (LTMP) and the MMP. Should recent monitoring initiated by the Gladstone Healthy Harbour Project receive a commitment to continue as a long-term data series then this and any similar locally focused projects could be incorporated in future report cards. Programs such as the reef health and impact survey (RHiS) undertaken as part of the Eye on the Reef program managed by the GBRMPA also provide estimates of the indicators of coral and macroalgae cover. This technique appears well suited to its intended use as a rapid assessment tool. However, it is not currently considered suitable for inclusion as a source of data for the report card due to the lack of a past or future sampling design and that the biases between this technique and those used by the long-term data sets have not been determined. Another program that has the potential to add information to the coral index is Reef Check. This program has established monitoring sites at inshore locations in the Wet Tropics (Low Isles), Burdekin (Palm Group and Magnetic Island) and Mackay – Whitsunday (Hayman Island) regions and appears to provide sound estimates of coral cover that could add to coral index (Loder et al. 2015). As for RHiS consideration of Reef Check data would be based on the ongoing commitment to a suitable sampling design along with willingness by Reef Check to make their data available 
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Both the MMP and LTMP utilise two sampling methods to describe coral communities along permanently marked transect. Photo point-intercept transects are used to quantify the proportional cover of various benthic organisms (Jonker et al. 2008), and co-located belt transects are used in which the number of juvenile corals are quantified. For both techniques the identification of corals is generally to the level of genus (image quality may limit the taxonomic resolution). For the purpose of the report card indicators, genus-level identification is required for the coral community composition indicator while the distinction between Acroporidae corals and all other families of hard coral is required for the coral change indicator. As benthic communities in the inshore GBR vary strongly with depth (Sweatman et al. 2007), the MMP includes transects at both 2 and 5 m below lowest astronomic tide at each reef, while the LTMP has transects at ~6m below LAT only. Deeper transects were not included as at many reefs coral communities either peter out or the reef slope merges with surrounding unconsolidated substrates beyond 5-6m depth. To account for spatial heterogeneity of benthic communities within reefs the MMP includes five 20m long transects, at each of two sites at each depth from which the reef mean cover of the benthos and juvenile densities are estimated. The LTMP design includes three sites, each with five 50 m long transects for photo point intercept: juvenile densities are estimated from the first 5 m of each of these transects. The nominal temporal replication for the MMP was for all reefs to be surveyed in both 2005 and 2006. From 2007 to 2014 surveys were continued annually at 15 “core” reefs and reduced to once every two years for the remaining 17 “cycle” reefs. Some cycle reefs were resampled in unscheduled years to quantify the effects of acute disturbance events on those communities. From 2015, all reefs are scheduled for sampling on a two year cycle, however with the provision for additional surveys following acute disturbances. The LTMP reefs were nominally sampled annually from 1992 through to 2005 after which sampling frequency was reduced to once every two years. Some scheduled samples of LTMP reefs were not achieved as a result of poor weather.
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To determine the relationship between indicators and environmental gradients, that would suggest the need for location specific thresholds, required environmental covariates that were consistently estimated over the spatial scale of coral monitoring programs. For the inshore reefs monitored by the MMP and LTMP this limits the available WQ variables to those estimated from satellite imagery. For the analyses presented in this report estimates of the concentration of chlorophyll a (Chl a) as a proxy for nutrient availability and non-algal particulates (NAP) as an estimate of total suspended solids were sourced from the Bureau of Meteorology (2015)[footnoteRef:2] which are derived from methods described by Brando et al. (2012).  [2: Marine water quality indices produced by the Australian Bureau of Meteorology as a contribution to eReefs - a collaboration between the Great Barrier Reef Foundation, Australian Government, Bureau of Meteorology, Commonwealth Scientific and Industrial Research Organisation, Australian Institute of Marine Science and the Queensland Government. Data are acquired from NASA spacecraft by the Bureau, Australian Institute of Marine Science, and the Commonwealth Scientific and Industrial Research Organization.] 

For each coral reef monitoring location a square of nine 1 km pixels was identified in adjacent open water and all available estimates of Chl a and nap for the period July 2002 until the end of 2014 obtained. For each day, available data with a quality level of 4 were averaged for each location. From these daily averages the median levels for each variable were extracted as the long-term condition estimated for each reef (Table A 4). The relative hydrodynamic forcing of each site was estimated as the proportion of clay and silt sized particles in sediments collected from 5 m depth at MMP sites (Table A 4) averaged over samples collected during annual or biennial sampling of the coral communities between 2007 and 2014. Reefs with a high proportion of fine grained particles are assumed to represent locations at which turbulence is low and so the accumulation of fine sediments promoted. In contrast, a low proportion of fine grained particles are assumed to reflect higher levels of turbulence that precludes the accumulation of fine-grained sediments. For LTMP reefs no sediment data exist and estimates of the proportion of clay and silt in the sediments was interpolated by placing the LTMP sites within the gradient of MMP sites by considering their comparable exposure to waves from the SE as the predominant direction of waves in the inner GBR. Images from LTMP photo-transects that included sand or silt observations were visually compared to images from MMP reefs with similar exposure to visually verify the validity of interpolated estimates.
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Macroalgal recruitment, growth and biomass are controlled by a number of environmental factors such as the availability of suitable substratum, sufficient nutrients and light, and rates of herbivory (Schaffelke et al. 2005). Abundant fleshy macroalgae on coral reefs are considered to be a consequence and, mostly, not a cause of coral mortality (McCook et al. 2001, Szmant 2002). However, high macroalgal abundance may suppress reef resilience (e.g., Hughes et al. 2007, Foster et al. 2008, Cheal et al. 2010; but see Bruno et al. 2009) by increased competition for space or changing the microenvironment for corals to settle and grow in (e.g. McCook et al. 2001, Hauri et al. 2010). On the Reef, high macroalgal cover correlates with high concentrations of chlorophyll, a proxy for nutrient availability (De’ath & Fabricius 2010). Once established, macroalgae pre-empt or compete with corals for space that might otherwise be available for coral growth or recruitment (e.g. Box & Mumby 2007, Hughes et al. 2007). However, as the interactions between corals and algae are complex, likely species-specific and, mostly, un-quantified (McCook et al. 2001), it is difficult to determine realistic thresholds of macroalgal cover from which to infer impacts to the resilience of coral communities.
Until and including 2014, the scoring of the macroalgae indicator for the Great Barrier Reef Report Card was based on baseline data from the MMP. This approach imposed common thresholds for macroalgae cover across all inshore reefs that were based on the distribution of macroalgae cover observed in 2005 (Table 7). From a practical perspective these thresholds clearly identified, and positively scored reefs at which cover of large fleshy algae was low and unlikely to be influencing coral resilience. Moreover, the distinction between moderate and high levels of macroalgal cover appropriately scored reefs at which the cover of macroalgae was high and indicated a high likelihood of increased coral-algal competition. A significant disadvantage was that this uniform categorical scoring system when applied across natural gradients in conditions that govern macroalgae abundance limited the sensitivity of scoring. At one extreme, reefs at which water quality is optimal for macroalgae are likely to constantly support levels of macroalgae above the threshold, in contrast at reefs toward the cleaner end of the water quality gradient are unlikely to ever support macroalgae cover above the threshold. In addition, there was no consideration of ecological thresholds about which the cover of macroalgae had detrimental impacts on coral communities other than those implicitly implied from the categorisation.
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The response variable for the macroalgae indicator up to and including 2014 was the mean proportion of the reef benthos occupied by macroalgae, as estimated from photo point intercept transects at a given reef and depth, expressed as percent cover of macroalgae. The collective term; “macroalgae” here represents a broad functional grouping that combines species clearly visible to the naked eye, but excluding crustose coralline and fine filamentous or “turf” forms. This percent cover estimate did not account for the area of substrate occupied by soft sediments that are largely unavailable to algal colonisation, and so values between reefs were potentially biased. Similarly, the area of substrate occupied by other benthos such as corals that could preclude macroalgae colonising the area was not considered, again providing for bias between reefs but also leading to potential co-variation between the indicators for coral cover and macroalgae. The revised response variable is the relative proportion of macroalgae within the algal community, expressed as the percent cover of large structurally complex macroalgae (as opposed to fine filamentous turf or crustose coralline forms) as a proportion of the total cover of all algae. Explicitly if we allow  to represent the percent cover of all algae () at a reef () at time () and  to be the percent cover of macroalgae  at a reef () at time () then macroalgae indicator response variable  is:
 =  / 
Within the LTMP and MMP database percent cover of each benthic category is estimated based on the proportional representation of that benthic category within all points identified along point intercept transects. The identification of points follows a hierarchical system allowing aggregation of data into increasingly broad classifications. The hierarchy follows the levels: species, genus, family, benthos, and group. Each point overlaid on photos taken along the photo point intercept transects is assigned a point_code that describes the benthos to the highest taxonomic resolution afforded by image quality and observer skill. This point_code may sit anywhere in the hierarchy listed above and maps automatically with the appropriate higher level taxonomy or propagates that identified level into lower levels. For example an alga identified as the genus Sargassum will back-fill the species-level classification codes with Sargassum sp. and assign the family to the poly-familial group “Brown macroalgae”, the benthos as macroalgae (benthos_code, MA) and the group as algae (group_code, A). Although genus and family-level differentiation is often achieved for macroalgae, the level of benthos_code is consistently achieved, and as such, the percent cover of both macroalgae and total algae are retrievable from the AIMS oracle database tables REEFMON_BENTHOS_SUMMARY_ZEROS and REEFMON_GROUP_SUMMARY_ZEROS respectively.
[bookmark: _Toc437424422][bookmark: _Toc437424546][bookmark: _Toc437432477][bookmark: _Toc437432550]6.2.2 Selection of threshold values and scoring
As natural variation in macroalgae communities occurs along gradients in water quality (De’ ath and Fabricius 2008) reef-specific thresholds based on ambient environmental conditions are appropriate. For this purpose Generalised Boosted Models (GBM’s, Ridgeway 2007) were applied separately to the average and minimum MAproportion observed at all MMP and inshore LTMP reefs and depths over the period 2005-2014.
At 2m depth the concentration of chlorophyll was the most important of the environmental variables assessed to predict MAproportion, with MAproportion increasing sharply at reefs experiencing mean chlorophyll concentrations in excess of 0.4µgL-1 (Figure 16a). MAproportion was also higher at more exposed sites, i.e. sites where the proportion of clay and silt sized particles in sediments was low, and in less turbid water (Figure 16b,c). At 5m depths, MAproportion was also higher where chlorophyll concentrations were above 0.4 ugL-1 and was lower in sheltered habitats (Figure 16d,e). The influence of turbidity was more pronounced at 5m than at 2m, demonstrating the limiting influence of low light on Map (Figure 16f). 
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[bookmark: _Toc437597648]. Generalised boosted model partial plots demonstrating the relationship between MAproportion and environmental conditions. Pseudo R2 for the full models were 0.15 at 2m and 0.17 at 5m.

Based on the GBM results, it is clear that the combination of water quality and hydrodynamic setting influenced the relative abundance of macroalgae within algal communities. As such it is not appropriate to have consistent expectations of MAproportion across all sites. For each reef and depth, the predicted MAproportion from the GBM’s was extracted as the upper threshold for MAproportion (Table 4). The reason for considering the predicted level as the upper bound for MAproportion is that the response of macroalgal communities to Chl a as a proxy for nutrient availability must be considered as being a worst case scenario in terms of the relationship between water quality and this indicator. On the one hand the period (2005-2014) of observations leading to these predictions began at the beginning of Reef Plan when it could be assumed that loads of nutrients were at a maximum. Although Reef Plan actions throughout the period have resulted in improvements in management practice (Anon. 2015), the period 2007-2013 was particularly wet resulting in high flows with high loads of nutrients and sediments entering the reef (Turner et al. 2012, 2013; Wallace et al. 2014, 2015). In combination, it should be considered that any increase in MAproportion above these levels would be counter to the underlying goals of Reef Plan.
An additional consideration in setting the upper threshold for MAproportion is the ecological influence of macroalgae on other indicators of coral community condition. Regression tree analyses that included MAproportion as the predictor variable indicated reduced levels of the other three indicator metrics juvenile density, coral cover and the rate of change in coral cover at higher levels of MAproportion. These thresholds for an ecological impact serve as potential caps for MAproportion at any given reef. The thresholds for an influence of MAproportion are, however, variable both between indicators and depths. To set caps to the upper bound of MAproportion across all reefs at either 2 m or 5 m depths the mean of the thresholds evident for the three indicators was taken resulting in an upper bound cap of 23% at 2 m and a 25% at 5 m. The upper bounds for any reefs with predicted MAproportion higher than these caps were reduced to the cap level (Table 4).
The setting of lower bounds was based primarily on the consideration of what was an achievable lower MAproportion based on the ambient environmental setting of a given reef. A second set of GBM’s was applied to the minimum MAproportion observed at each reef over the period 2005-2014. The predictions from these models were taken as the lower bound for MAproportion as representing the lower levels of MAproportion that could reasonably be expected at the different locations along the environmental gradients (Table 4). Scoring the MAproportion indicator at each reef linearly scales from 0 when MAproportion is at or above the upper threshold through to 1 when MAproportion is at or below the lower threshold (Figure 17). 
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	Reef
	2m Depth
	5m Depth
	
	Reef
	2m Depth
	5m Depth

	
	Upper
	Lower
	Upper
	Lower
	
	
	Upper
	Lower
	Upper
	Lower

	Barnards
	23
	4.8
	20.8
	1.7
	
	Keppels South
	23
	3.9
	24
	1.7

	Barren
	13
	3.7
	12.6
	1.6
	
	King
	23
	6.2
	24.8
	1.8

	Border
	
	
	8.2
	1.4
	
	Lady Elliot
	23
	6.1
	15.3
	1.9

	Daydream
	13.5
	3.5
	10.4
	1.5
	
	Langford
	
	
	7.9
	1.4

	Dent
	11.6
	3.5
	10.2
	1.5
	
	Low Isles
	
	
	8.9
	1.4

	Double Cone
	8.9
	3.4
	7.6
	1.4
	
	Magnetic
	23
	6.4
	19
	2

	Dunk North
	23
	4.6
	13.5
	1.7
	
	Middle Rf
	21.9
	5.5
	
	

	Dunk South
	23
	5.3
	15.6
	1.9
	
	Middle
	23
	5.2
	23
	1.8

	Fitzroy East
	11.7
	3.5
	10
	1.5
	
	North Keppel
	23
	5.1
	22.6
	1.8

	Fitzroy West
	12.5
	3.3
	13.3
	1.5
	
	Palms East
	12.2
	3.6
	10.5
	1.5

	Franklands East
	12.2
	3.4
	10.5
	1.5
	
	Palms West
	12.8
	3.4
	17.5
	1.5

	Franklands West
	11.4
	3.4
	15.8
	1.5
	
	Pandora North
	
	
	13.1
	1.6

	Green
	
	
	11.9
	1.6
	
	Pandora
	23
	4.7
	16.2
	1.6

	Havannah North
	
	
	21.7
	1.5
	
	Peak
	23
	6.3
	19.1
	2

	Havannah
	18.2
	3.4
	25
	1.6
	
	Pelican
	23
	6.4
	18.8
	2

	Hayman
	
	
	9.4
	1.4
	
	Pine
	18.3
	4.4
	11.2
	1.6

	High East
	11.2
	3.4
	13
	1.4
	
	Seaforth
	11.8
	3.4
	10.2
	1.4

	High West
	22.4
	4.4
	12.1
	1.6
	
	Shute Harbour
	17.6
	4.2
	11.7
	1.6

	Hook
	9.3
	3.4
	8.1
	1.4
	
	Snapper North
	18.7
	4.4
	11.3
	1.6

	Keppels South
	23
	3.9
	24
	1.7
	
	Snapper South
	23
	4.4
	13.1
	1.6
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[bookmark: _Ref438122135][bookmark: _Toc437423862][bookmark: _Toc437424041][bookmark: _Toc437424313][bookmark: _Toc437597649][bookmark: _Toc460490786]Figure 17: Scoring diagram for the MAproportion indicator. 
[bookmark: _Toc437424314][bookmark: _Toc437432366][bookmark: _Toc437597650]Upper and lower threshold values are reef and depth specific. Numeric scores and associated condition classifications are presented. Values on the x axis are reef specific and interpolate between lower and upper bounds. 
[bookmark: _Toc460490670][bookmark: _Toc437424424][bookmark: _Toc437424548][bookmark: _Toc437432479][bookmark: _Toc437432552]6.3 Metric 2: Coral cover 
For coral communities, the underlying assumption for long-term resilience is that recruitment and subsequent growth of colonies is sufficient to compensate for losses resulting from the combination of acute disturbances and chronic environmental limitations. High coral abundance, expressed as proportional cover of the substratum, can be interpreted as an indication of resilience as the corals are clearly adapted to the ambient environmental conditions. Also, high cover equates to a large broodstock, a necessary link to recruitment and an indication of the potential for recovery of communities. Of all indicators, coral cover is the most tangible in terms of people’s perception of the environment and is central to the aesthetic value of a coral reef and as such is an important indicator for the outstanding universal values of the GBR World Heritage Area. This metric is however predominantly an indicator of current state. Low values of the metric cannot necessarily be interpreted as an indication of low resilience as resilient communities may incur substantial reductions in coral cover when exposed to acute disturbances such as tropical cyclones.  
[bookmark: _Toc437424425][bookmark: _Toc437424549][bookmark: _Toc437432480][bookmark: _Toc437432553]6.3.2 The response variable
For the coral cover indicator the data are derived from the LTMP and MMP point intercept transects. As described above, each benthic category is estimated based on the proportional representation of that benthic category within all points identified along point intercept transects. Although corals are generally reliably identified to the taxonomic resolution of genus, for the coral cover indicator estimates of cover for each reef are the combined cover of all hard (order Scleractinia) and soft (subclass Octocorallia) corals. This data is extracted from the AIMS Oracle database table REEFMON_GROUP_SUMMARY_ZEROS where GROUP_CODE is either “HC” or “SC” for hard and soft coral, respectively. Explicitly, where  is the cover of all hard corals at a reef () at time () and  is the cover of all soft corals at a reef () at time () then coral cover indicator response variable Coral cover is:
  =  + 

Soft corals are included in this indicator as they represent a substantial component of coral reef biodiversity and there is no reason to expect they are not a natural component of coral communities on nearshore reefs of the GBR.  As direct competitors for space with hard corals their exclusion would potentially bias the metric for coral cover based on hard corals alone. 
[bookmark: _Toc437424426][bookmark: _Toc437424550][bookmark: _Toc437432481][bookmark: _Toc437432554]6.3.2 Selection of threshold values and scoring
Until and including 2014 the coral cover indicator included a threshold range of 25-50% with coral cover below this range scoring 0, covers within the range scoring 0.5 and cover exceeding the range scoring 1. The basis of these categories was that they approximated the distribution of coral cover observed historically on inshore reefs at AIMS LTMP and MMP sites, with each category representing approximately a third of the overall distribution of observed cover values prior to 2006. Consistent categorisations were applied to all reefs, as high coral cover is a desirable condition for all coral reefs and prior observations indicate the capacity for inshore reefs of the GBR to support high cover of corals in a wide range of environmental conditions (e.g. Sweatman et al. 2007, Browne et al. 2012, Thompson et al. 2014a). A drawback of the categorical classification was the abrupt transition between scores about categorical boundaries and the insensitivity of the scoring system to the magnitude of deviation from the thresholds.
The primary decision to be made for this indicator was the setting of the upper threshold for the scoring index to reflect a condition that is both unambiguously ‘very good’ but also attainable for the coral communities on inshore reefs of the GBR. Secondarily was how to scale this indicator across its range to achieve a sensible match between indicator scores and the categorical condition estimates used by the report card. As of 2015, the median coral cover observed on inshore reefs by the LTMP since 1992 and the MMP since 2005 was 38.6%, a figure influenced by the impacts of severe bleaching events in 1998 and 2002 (Berkelmans et al. 2004) and a more localised event in the Keppel Islands in 2006 (Section 3.6) along with frequent exposure to cyclones as well as localised exposure to low salinity flood waters (Section 3, Berkelmans et al. 2012), and crown- of- thorns seastar outbreaks (Section 3, Sweatman et al. 2007). 
Of the 40 reefs monitored over half recorded a maximum combined hard and soft coral cover of > 50%. From separate surveys of reefs between Cape Flattery to the Keppel Islands undertaken prior to the 1998 bleaching event, Ayling (1997) reported a mean cover of hard corals alone of 62% from regions other than Broad Sound where cover was lower (mean of 25%). The data reported by Ayling (1997) was based predominantly on line intercept transects (LIT). Comparative data collected using LIT and the MMP photo point intercept transects (PIT) available from Snapper Island and Cape Tribulation reefs reveal a bias between techniques with consistently higher cover estimated from LIT than PIT (PIT=0.85 LIT, r2 =0.97). Converting the pre-bleaching mean cover of 62% to comparable PIT estimate returns a mean in the order of >50% hard coral cover. From these past observations it is clear that many inshore reefs have previously supported combined coral cover in excess of 50% and that this level of cover reefs should be considered to be representing at least good condition. It is unlikely that coral will ever completely occupy the full area of substrate on any given reef due on going demographic processes and the presence of patches of unstable substrates such as sand or silt suggesting the maximum threshold should be set lower than 100%. For the coral report card we have elected the upper threshold for coral cover (where the score is at a maximum of 1) at 75% for the following reasons: 
This captures the plausible level of coral cover achievable by reefs within the inshore GBR,
While higher covers have been observed, any community supporting 75% cover will be clearly in very good condition,
The use of 75% allows categorisation of coral cover estimates into 5 reporting bands for the coral report card, each with a range of 15% (Figure 18), which are, at the same time convenient and broadly representative of the aesthetic values that could be assigned to these levels of cover. 
The scoring of the coral cover indicator is scaled linearly from zero when cover is 0% through to 1 when cover is at or above the threshold level of 75% (Figure 18). There is some evidence that the relationship between coral cover and other indicators of ecological condition, such as diversity of reef fish is non-linear with a rapid loss of diversity at very low coral cover (<10%, Holbrook et al. 2009,Halford et al. 2004). This relationship may support the use of a lower threshold for coral cover in the vicinity of 5-10% we don’t however consider we have sufficient data to identify such a threshold and  consider that any such threshold would likely lie within our 0-15% range of coral cover that is categorised as “very poor” (Figure 18). [image: ]
[bookmark: _Toc437423863][bookmark: _Toc437424042][bookmark: _Toc437424315][bookmark: _Toc437597651][bookmark: _Toc460490787]Figure 18: Scoring diagram for the coral cover indicator. 
[bookmark: _Toc437424316][bookmark: _Toc437432368][bookmark: _Toc437597652]Numeric scores and associated condition classifications based on observed coral cover are presented. 
[bookmark: _Toc460490671][bookmark: _Toc437424427][bookmark: _Toc437424551][bookmark: _Toc437432482][bookmark: _Toc437432555]6.4 Metric 3: Rate of change in hard coral cover 
This indicator metric is based on the rate at which coral cover increases. While observations of high coral cover can justifiably be considered a positive indicator of community condition, the reverse is not necessarily true for observations of low cover. Low cover may occur following acute disturbance and, hence, may not be a direct reflection of the community’s resilience to underlying environmental conditions. For this reason, in addition to considering the actual level of coral cover (as per above) we also assess the rate at which hard coral cover increases as a direct measure of recovery potential. This indicator reflects the coral growth performance for individual reefs by comparing observed rate of change in hard coral cover at a given reef (in the absence of acute disturbance) to expected coral growth predicted by a multi-species form of the Gompertz growth equation (Dennis & Taper 1994, Ives et al. 2003). The equations used were parameterised from the time-series of coral cover from reefs monitored by the LTMP and the MMP over the period 1987-2007 (Thompson and Dolman 2010). 
[bookmark: _Toc437424428][bookmark: _Toc437424552][bookmark: _Toc437432483][bookmark: _Toc437432556]6.4.1 Selection of threshold values and scoring
Until and including 2014, scores for this indicator were based on comparing the observed change in coral cover between samples to the predicted cover based on Gompertz growth equations developed by Thompson and Dolman (2010). In brief, observations of annual change in benthic cover derived from 47 inshore reefs sampled over the period 1987-2007 were used to parameterise two multi-species Gompertz growth equations. Importantly only changes occurring over periods during which no acute disturbances occurred were used to ensure the response was not confounded by disturbance events. These models returned estimates of growth rates for corals of the family Acroporidae and the combined grouping of all other hard corals. These two groups were modelled separately as the growth rate of Acroporidae is substantially higher than most other corals. Within these models growth rate estimates are dependent on the cover of each of these hard coral groups along with the cover of soft coral, which in combination represent space competitors and so limit the area available for coral cover increase. 
Model projections of future coral cover on GBR inshore reefs based on the growth rates estimated by these models coupled with the observed disturbance history for inshore reefs of the GBR over the period 1987-2002 indicated a long-term decline in coral cover (Thompson & Dolman 2010). For this reason the positive score of 1 was reserved for only those reefs at which the observed rate of change in cover exceeded the upper 95% confidence interval of the change predicted (Table 7). Observations falling within the upper and lower confidence intervals of the change in predicted cover were scored as neutral (indicator score 0.5) and those not meeting the lower confidence interval of the predicted change received an indicator score of 0. Initially the rate of change was averaged over the years 2005-2009 as a baseline estimate for this metric (Thompson et al. 2010b, Anon. 2011). Subsequently, the period over which the rate of change was averaged was reduced to three years of observations including the most recent. Years in which disturbance events occurred at particular reefs were not included as there is no logical expectation for an increase in cover in such situations. 
Two short-comings of the method as described above were noted by Kuhnert et al. (2014), both concerning the estimate of confidence intervals. The first concern was that bias was being introduced during the back-transformation from the log scale used to model the data to the observational scale. The second concern related to the aggregation of errors from the two separate models. The necessity to aggregate confidence errors was a result of the categorical scoring method being used that was focused on deviations in rate of increase beyond those within the error in the models. Unfortunately there was no strictly legitimate method for combining these errors and so a conservative approach that summed both the upper or lower CI from the two models was used. In light of these issues the original growth models were re-parameterised in a Bayesian framework to permit propagation of uncertainty from the two models onto the overall expected growth. In addition, the model was parameterised separately for communities at 2m and 5m (or greater) depths.
In the revised models expected coral cover increase was estimated by prediction against a multi-species form of the Gompertz growth equation (Dennis & Taper 1994, Ives et al. 2003) in which the maximum total percent cover possible (100% - proportion of area occupied by soft substrate) was considered the equilibrium size. The model, as detailed below, fits the natural logarithm of Acroporidae cover at time (t) - which is first standardised for a 12 month period between samples, against the rate of Acroporidae growth given the cover of Acroporidae, other hard and soft corals and soft coral and available substrate at time (t - 1). A Bayesian framework was used to permit propagation of uncertainty through the predictions of expected coral cover increase from the two separately predicted coral types. Noting, that the example presented below for Acroporidae (Acr) has the same form as that applied for other hard corals (OthC) if these terms are exchanged where they appear in the equations.

	
	         
	     
	            
	           
	            

	       
Where  and  are the cover of Acroporidae coral, other hard coral and soft coral respectively at a given reef at time . is the community size at equilibrium (100 minus the area of un-colonisable soft substrate) and  is the rate of increase (growth rate) in percent cover of Acroporidae coral. Varying effects of Region and Reef ( and  respectively) were also incorporated to account for spatial autocorrelation. Model coefficients associated with the intercept, Region and Reef (  and ) all had weekly informative Gaussian priors, the latter two with model standard deviation). The overall rate of coral growth parameters ( or alternatively) constituted the mean of the individual posterior rates of increase ( or alternatively,   ). 
The model included 100,000 iterations across three chains and a burn-in of 50,000 per chain and a thinning rate of 10. Chain mixing and convergence were assessed via trace-plots, autocorrelation and Gelman-Rubin diagnostics (all scale reduction factors less than 1.05). 
Credibility intervals of predictions were used to define upper and lower bounds of expected coral growth. 
The Bayesian growth model was fit using JAGS (Plummer 2003) via the R2jags (Su and Masano Yajima 2014) and coda (Plummer et al. 2006) packages for R. 
A further refinement from the original categorical scoring (Table 7) was the introduction of a continuous scoring with distance away from the predicted change in cover. The new scoring system (Figure 4) is as follows:
If coral cover declines, a score of 0 is applied.
If cover change is between 0 and double the lower confidence interval, scores are scaled to between 0.1 when no change was observed through to 0.4 when change was equal to the lower 95% confidence interval of the predicted change.
If cover change was within the 95% confidence intervals the score was scaled from 0.4 at the lower confidence interval through to 0.6 at the upper confidence interval. 
If cover change was greater than the upper 95% confidence interval though less than double the upper 95% confidence intervals, scores where scaled from 0.6 at the upper confidence interval to 0.9 at double the upper confidence interval.
If change was greater than double the upper 95% confidence interval, a score of 1 was applied.
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[bookmark: _Toc437423864][bookmark: _Toc437424043][bookmark: _Toc437424317][bookmark: _Toc437597653][bookmark: _Toc460490788]Figure 19: Scoring diagram for rate of change in hard coral cover metric
[bookmark: _Toc437424429][bookmark: _Toc437424553][bookmark: _Toc437432484][bookmark: _Toc437432557]

6.4.2 The response variables
Parameters input into the model from which the estimated rate of change is determined are the mean values for each reef and depth and year derived from the photo point intercept transects (Table 5).
[bookmark: _Ref438122202][bookmark: _Toc437424318][bookmark: _Toc437597654][bookmark: _Toc453855052]Table 5: Source of variables required for estimation of the rate of change indicator
	Variable
	AIMS Oracle database table source

	Acr : Cover of the Family Acroporidae
	REEFMON_OT_FAMILY_SUMMARY_ZEROS where FAMILY_DESC is “ACROPORIDAE”

	OthC: Cover of all other hard corals
	REEFMON_OT_GROUP_SUMMARY_ZEROS
 where GROUP_CODE is “HC” minus the cover of Acroporidae

	SC: Cover of soft corals
	REEFMON_OT_GROUP_SUMMARY_ZEROS where GROUP_CODE is “SC”

	EstK: which is the proportion of the transect not occupied by deposits of sand or silt (AB) 
	REEFMON_OT_GROUP_SUMMARY_ZEROS where GROUP_CODE is “AB” and 

	Sample information including date, reef and depth
	REEFMON_V_IN_SAMPLE and REEFMON_V_RM_SAMPLE

	Disturbance categorization used to exclude observations when disturbances had occurred
	REEFMON_IN_DISTURBANCE and REEFMON_DISTURBANCE.DISTURBANCES


 
[bookmark: _Toc437424430][bookmark: _Toc437424554][bookmark: _Toc437432485][bookmark: _Toc437432558][bookmark: _Toc460490672] 6.5 Metric 4: Juvenile hard coral density
Common disturbances to inshore reefs include cyclones (often associated with flooding), thermal bleaching, and outbreaks of crown-of-thorns seastar, all of which can result in widespread mortality of corals (e.g. Sweatman et al. 2007, Osborne et al. 2011). Recovery from such events is reliant on both the recruitment of new colonies and regeneration of existing colonies from remaining tissue fragments (Smith 2008, Diaz-Pulido et al. 2009). Previous studies have shown that elevated concentrations of nutrients, agrochemicals, and high turbidity can negatively affect reproduction in corals (reviewed by Fabricius 2005, van Dam et al. 2011 Erftemeijer et al. 2012). Furthermore, high rates of sediment deposition and accumulation on reef surfaces can affect larval settlement (Babcock & Smith 2002, Baird et al. 2003, Fabricius et al. 2003) and smother juvenile corals (Harrison & Wallace 1990, Rogers 1990, Fabricius & Wolanski 2000). Any of these water quality-related pressures on the early life stages of corals have the potential to suppress the resilience of communities reliant on recruitment for recovery. For these reasons the density of juvenile corals is an important indicator of coral community resilience, especially in periods following severe disturbance events. The density of juvenile corals represents the culmination of importance demographic processes from fecundity through fertilisation, planula survival, settlement and early post settlement survival.
The setting of a threshold against which to assess observed densities of juvenile corals is problematic as detailed demographic studies that allow the estimation of adequate levels of recruitment to ensure coral community resilience have not been undertaken for the range of communities present in the turbid inshore waters of the GBR. For the MMP, the thresholds used until 2014 were based on the distribution of densities observed at the beginning of the program in 2005 as a baseline condition (Table 7).
[bookmark: _Toc437424431][bookmark: _Toc437424555][bookmark: _Toc437432486][bookmark: _Toc437432559]6.5.1 The response variable
Prior to analysis of the MMP and LTMP data aimed at further refining juvenile density scoring thresholds a decision needed to be made on the appropriate response variable to use. The MMP counts juvenile corals in three size classes: 0 to <2cm, 2cm to < 5cm and 5cm to 10cm and has previously reported juvenile density as derived from the combined number of colonies in all these size classes. In contrast, the LTMP includes a single size class of 0 to 5 cm diameter. Experience gained over the MMP has shown that as colony size increases it becomes more difficult to confidently categorise a colony as a juvenile (i.e. the result of settlement and growth of a coral larvae) as opposed to the product of colony fragmentation or partial mortality. It is also apparent that as colony size increases the age of the colony becomes less defined and it is very likely that corals in the 5-10cm size class represent increasing proportions of mature colonies of species with typically small colony size of indeterminate age as opposed to juveniles of <3 years of age, which was the original intention of the size classes selected. In the interests of: keeping this indicator consistent across the MMP and LTMP data sets, reducing ambiguity in terms of colony status as a juvenile, and narrowing the likely age range of colonies classified as juveniles, only colonies up to 5cm in diameter are considered as the response variable for juvenile densities for the revised juvenile density indicator. In addition, at a subset of reefs there are high numbers of juvenile corals of the genus Fungia. Fungia are small, free-living corals that reproduce by repeatedly budding off individuals from an attached polyp: this genus is excluded from estimates of hard coral juvenile density. 
The number of juvenile colonies observed along fixed-area transects may be biased due to the different proportions of substratum available for coral recruitment. For example, live coral cover effectively reduces the space available for settlement, as do sandy or silty substrata onto which corals cannot settle. To create a comparative estimate of the density of juvenile colonies between reefs and through time, the numbers of juveniles observed along fixed transects are converted to densities per area of transect that is ‘available’ to settlement, as:

Where;
  is the observed abundance of juvenile hard coral colonies < 5cm in diameter (database table REEFMON_V_DEMOG_ZEROS, field ABUNDANCE, where field SIZE_CLASS= ('000-002' or '002-005' (MMP), or ‘RM_JUV’ (LTMP). Genus Fungia is excluded.  
 is the area of the belt transect, 34 m2 for MMP and 8.5m2 for LTMP 
 is the proportion of transect occupied by algae (database table REEFMON_GROUP_SUMMARY_ZEROS, field COVER, where GROUP_CODE=’A’). 

An issue that emerged following a period of flooding was that there was a continuum from algae (which are collectively considered as occupying space available to coral settlement) through to silt (which is not considered suitable settlement substrate). In sheltered sites it is the accumulation of silt on otherwise suitable substrate that is a plausible consequence of increased supply of fine sediments on coral community recovery. To resolve the issue that fluctuations in siltation vary the estimate of available substrate, a new code was implemented into the photo transect data in 2015 that differentiates between silt deposits that are effectively a soft bottom substrate (POINT_CODE =132) and silt that is potentially transient on what would otherwise be a potential coral settlement substrate (POINT_CODE=698). In practice points are classified as transient silt where the structure of the underlying hard substrate is discernible. A very general approximation of deposits less than 5mm depth could be assumed. Importantly the at the GROUP_CODE level POINT_CODE 698 maps to “A” and so is classified as available substrate. There is some residual ambiguity in the categorisation along a continuum although this is an improvement on the previous situation that included only the code 132. All MMP points classified as 132 from 2006 through to 2014 have been reassessed and changed to transient silt where appropriate. 
[bookmark: _Toc437424432][bookmark: _Toc437424556][bookmark: _Toc437432487][bookmark: _Toc437432560]6.4.2 Selection of threshold values and scoring
The now 11-year time series of the MMP along with juvenile density data from the LTMP since 2006, provide guidance for the setting of ecologically relevant thresholds. Graham et al. (2015) provide a binomial model to estimate the threshold between a high likelihood for coral communities after a severe bleaching event to recover toward coral dominance or to remain in a macroalgal-dominated state. Within the LTMP and MMP time series there are 72 observations where coral cover was low (<10%) and subsequent recovery rate could be estimated. These observations allowed a similar analysis as that used by Graham et al. 2015 to identify the threshold of juvenile density at which recovery (in coral cover) was more likely than not, to achieve modelled expectations. This analysis involved the application of a binomial model to juvenile densities categorised on the basis of the observed change as either falling below or above the predicted lower estimate of hard coral cover increase, as estimated by the coral change indicator described above. We acknowledge that this analysis is potentially confounded by increase in cover due to growth of non-juvenile corals though argue that this confounding is limited by the consideration of recovery rates at low coral cover based on the expectation that as cover decreases the relative influence of survival and growth of juvenile colonies on recovery will increase compared to that resulting from the growth of larger colonies. This analysis identified a threshold of 4.6 juveniles per m-2 beyond which the probability that coral cover would subsequently increase at predicted rates outweighed the probability of lower than predicted rates of recovery (Figure 20). Adding some weight to the selection of these thresholds is that density of 4.6 juveniles per m-2 at which the probability of recovery became greater than 50% was broadly consistent with that reported by Graham et al. 2015 from the Seychelles.  Graham et al. (2015) reported a density of 6.3 juveniles, <10 cm in size, per m-2 – a figure that adjusted back to <5cm size class based on the proportions of <5cm to <10cm size classes on MMP reefs (56%) equates to 3.5 colonies m-2. As the upper density of juvenile colonies is effectively unbounded, it is desirable to set an upper threshold for scoring purposes. The density at which the probability was > 80% for coral cover to recover at predicted rates was 13 juveniles per m-2 and this density was chosen as the upper threshold. Based on the above analysis thresholds for the density of juvenile corals were set at 4.6 colonies m-2 as the boundary between categorising this indicator as poor and moderate (score 0.4) and an upper bound set at 13 colonies per m-2 (Figure 21). Densities below 4.6 colonies m-2 down to 0 colonies m-2 were scaled linearly from 0.4 to 0, while those between the thresholds of 4.6 and 13 colonies m-2 were scaled linearly from 0.4 to 1, any densities higher 13 colonies m-2 were scored as 1 (Figure 21).
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[bookmark: _Ref438122243][bookmark: _Toc437597655][bookmark: _Toc460490789][bookmark: _Toc437424319]Figure 20: Relationship between juvenile density and probability of hard coral cover recovery.
[bookmark: _Toc437597656] Prediction from a binomial model relating probability that a coral cover will increase at model-predicted rates (see section 4.3), given observed density of juvenile hard corals. Imposed lines identify juvenile densities at which the probability of attaining predicted rates of recovery of coral cover are 50% (dashed line) or 80% (solid line). 
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[bookmark: _Ref438122251][bookmark: _Toc437424320][bookmark: _Toc437597657][bookmark: _Toc460490790]Figure 21: Scoring diagram for Juvenile density metric.
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[bookmark: _Toc460490673]6.6 Metric 5: Changes in community composition of hard corals
The coral communities monitored by the Marine Monitoring Program (MMP) vary considerably in the relative composition of coral species (Uthicke et al. 2010, Thompson et al. 2014a, Section A 1 of this report). As demonstrated by Uthicke et al. (2010) and Fabricius et al. (2012), some of this variability can be attributed to differences in environmental conditions between locations, which implies selection for certain species based on the environmental conditions experienced. Coral communities respond to environmental conditions in a variety of ways. Most noticeably they respond to acute shifts in conditions such as exposure to substantially reduced salinity (van Woesik 1991, Berkelmans et al. 2012), deviations from normal temperature (Hoegh-Guldberg 1999) or hydrodynamic conditions (cyclones); all of which result in reductions in coral cover as susceptible species are killed. In contrast, the increased loads of sediments and nutrients entering the Reef as a result of land use practices in the adjacent catchments (Waters et al. 2014) may include a combination of acute conditions associated with flood events and then chronic change in conditions as pollutants are cycled through the system. Chronic change in conditions could provide a longer period of selective pressures as environmental conditions disproportionately favour recruitment and survival of species tolerant to those conditions.
A new indicator added to the MMP in 2015 assesses change in the composition of coral communities in terms of the changing balance between genera with varying susceptibilities to poor water quality. The underling concept for this indicator is that the environmental conditions of a location impose selective pressure on the communities and changes in community composition through time can be assessed as reflecting a shift toward communities that are typical of either better or worse water quality than those originally observed.
6.6.1 The response variable
The metric for assessing change in coral community composition is enabled by estimating the differential representation of genera along a water quality gradient (Table 6). The scores presented in Table 6 were derived by Thompson et al. 2014b, following the procedure outlined below:
For each MMP reef and depth the mean cover of coral genera (split additionally into lifeforms for the genus Acropora and Porites) over the period 2005 to 2014 was calculated.
A regionally-adapted, physics-based ocean colour algorithm (Brando et al. 2012, Schroeder et al. 2007, 2012) was used to derive daily means of chlorophyll and total suspended solids concentration for a grid of nine, 1 km2 pixels adjacent to each coral monitoring site over the period 2002-2012. For each reef the median and 90th percentiles of all observations of chlorophyll and total suspended solids from each reef were calculated and a principle components analysis used estimate a single water quality score (the scores along the first principle component) for each reef. 
The sediment composition at each reef was similarly reduced to a single score by extracting the site scores along the first principle component run on sediment variables: organic carbon and nitrogen content along with the proportion of grain-size less than 63 µm (clays and silts) averaged over samples collected between 2007 and 2013. 
Prior to analysis, the coral community data was Hellinger-standardised. This standardisation divides the square root of the cover for each genus by the sum of square root covers for all genera at that reef (Legendre & Gallagher 2001). Hellinger-standardisation has the dual effect of down-weighting the influence of abundant species and focusing the analysis on relative cover (composition) rather than cover. The focus on compositional cover has a particular advantage for analyses of time-series of community composition as fluctuations in cover due to disturbance events bear less weight than shifts in comparative abundance among the groups present.
The water quality gradient described by the scores along the first principal component of the water quality variables (from 2.) was used as the explanatory variable in a partial Canonical Analysis of Principal Coordinates (partial CAP; Anderson & Willis 2003). From this partial CAP analysis, the magnitude and direction of response for each genus group to the water quality gradient was extracted as the genus group scores along the constrained axis (Table 6, Oksanen et al. 2013). For the 2 m depth, the constrained axis of the partial CAP explained 13.3% of the variation in community compositions once the effects of Region and sediment composition had been accounted for, compared to the 19% explained at 5 m depth where only regional effects were first removed. 
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 * indicates genus group with both low cover (maximum < 0.5% on any reef) and limited distribution (present on < 25% of reefs).
	Genus
	2 m
	5 m
	Genus
	2 m
	5 m

	Psammocora
	-0.194
	-0.366
	Submassive Porites
	-0.047
	-0.005

	Turbinaria
	-0.279
	-0.307
	Submassive Acropora
	0.043
	-0.004

	Goniopora
	-0.320
	-0.304
	Halomitra *
	
	-0.002

	Goniastrea
	-0.115
	-0.278
	Plerogyra
	0.002
	-0.001

	Pachyseris
	-0.077
	-0.235
	Lithophyllon*
	
	-0.001

	Favites
	-0.096
	-0.230
	Tubastrea*
	0.005
	-0.000

	Alveopora 
	-0.076
	-0.221
	Scolymia *
	0.001
	0.000

	Hydnophora
	-0.047
	-0.213
	Ctenactis *
	0.016
	0.001

	Cyphastrea
	-0.386
	-0.193
	Anacropora *
	
	0.001

	Galaxea
	-0.081
	-0.159
	Physogyra
	0
	0.001

	Mycedium
	-0.017
	-0.151
	Cynarina *
	-0.000
	0.004

	Favia
	-0.134
	-0.136
	Sandalolitha*
	0.003
	0.005

	Pectinia
	-0.030
	-0.126
	Montastrea
	0.019
	0.005

	Podobacia
	-0.025
	-0.122
	Fungia
	0.013
	0.015

	Plesiastrea
	-0.125
	-0.114
	Encrusting Acropora
	0.048
	0.015

	Echinophyllia
	-0.002
	-0.11
	Acanthastrea *
	-0.014
	0.017

	Moseleya *
	-0.058
	-0.091
	Symphyllia
	0.034
	0.018

	Oxypora
	-0.008
	-0.076
	Seriatopora
	0.05
	0.027

	Merulina
	-0.01
	-0.073
	Stylophora
	0.035
	0.033

	Coscinaraea
	-0.011
	-0.062
	Oulophyllia
	0.02
	0.037

	Duncanopsammia *
	
	-0.042
	Digitate Acropora
	0.034
	0.039

	Caulastrea
	0.007
	-0.041
	Montipora
	-0.131
	0.045

	Platygyra
	0.048
	-0.040
	Leptastrea *
	0.022
	0.048

	Herpolitha
	-0.013
	-0.034
	Coeloseris
	0.052
	

	Lobophyllia
	0.018
	-0.034
	Bottlebrush Acropora
	0.153
	0.070

	Pavona
	-0.152
	-0.024
	Pocillopora
	0.058
	0.074

	Astreopora
	0.031
	-0.023
	Branching Porites
	0.059
	0.075

	Euphyllia 
	-0.012
	-0.023
	Leptoria
	0.054
	0.077

	Leptoseris
	-0.011
	-0.021
	Porites rus
	0.122
	0.087

	Palauastrea *
	0.002
	-0.021
	Echinopora
	0.076
	0.096

	Polyphyllia *
	0
	-0.020
	Massive Porites
	-0.054
	0.122

	Heliofungia
	0.015
	-0.007
	Diploastrea
	0.003
	0.173

	Catalaphyllia *
	-0.002
	-0.006
	Tabulate Acropora
	0.052
	0.224

	Stylocoeniella *
	0.004
	-0.006
	Corymbose Acropora
	0.060
	0.240

	Pseudosiderastrea *
	-0.001
	-0.006
	Branching Acropora
	0.657
	0.810

	Gardineroseris *
	-0.004
	
	
	
	





The genus scores along the single derived water quality variable (Table 6) can be used to scale the cover estimates from any reef or year to predict the location of the community along the water quality gradient, based on the relative cover of genus groups. It is this scaling of observed compositional data relative to the combined water quality variable that is at the core of this indicator. 
For each observation of community composition, the location of that community along the water quality gradient is calculated as the sum of the Hellinger-transformed cover estimates for each genus multiplied by the genus score along the water quality gradient.

Where	  = the community composition location along the WQ gradient at time , 
	 = the Hellinger transformed cover of genus  at time , and
	 = the score for genus  taken from Table 6.
6.6.2 Coral composition indicator metric scoring
Indicator scores are assigned based on the location of  for the year of interest relative to a community specific baseline. For each community monitored (unique reef and depth combination) the baseline composition lies within the 95% confidence intervals about the mean  from the first five years of observations. The scoring of the indicator is categorical, being 0.5 when  falls within the 95% confidence intervals for the location, 1 if beyond the confidence interval in a direction toward communities in better water quality, and 0 if beyond the confidence interval in the direction of communities in poorer water quality (Figure 22).
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In aggregating scores for various indicators into a single index uncertainty should be considered. The degree of uncertainty in an index score derived for any spatial scale of interest will include uncertainty across multiple levels: from basic observational error, the relevance of thresholds and then variation in scores for different indicators or communities being assessed. 
In order to derive report card scores for Regions a bootstrapping method was adopted, which propagated uncertainty through the double hierarchical aggregation of indicators and then reefs. Firstly, for each indicator a distribution of 10,000 observations was created by resampling (with replacement) from the observed scores for all reef and depth combinations within the Region. For the three sub-regions of the Wet Tropics an additional step involved the adding together of the three 10,000-strong distributions for each indicator from each sub-region, and resampling the resulting distributions (with replacement) 10,000 times to derive a single 10,000-strong distribution for each indicator at the regional scale. Secondly these five resulting (one for each indicator) distributions were added together and collectively resampled 10,000 times (with replacement) to derive a single distribution comprising 10,000 scores. Importantly, the large number of resamples ensures that the distributions accurately reflect the underlying data distributions and yet comprise a known number of items independent of the original input sizes. This ensures that all inputs have equal weights and aggregations are not biased towards inputs with more data (for example, all reefs and sub-regions contribute equally to region level aggregations despite there being more reefs in some sub-regions than others.
The mean of the resulting distribution for the sub/Region was taken as the coral index score. Confidence intervals are typically based on estimates of precision (such as standard error) rather than variance. Precision is itself an estimate of repeatability, in the case of precision of a mean it is an estimate of the variance of repeated means. Hence, we can estimate precision by repeatedly resampling from the distribution and each time calculating a mean. However, the more times the distribution is resampled, the more means are generated and thus the lower the variance of means.
To generate estimates of precision (and thus confidence intervals) appropriate for the scale of the sampling design, it is necessary to resample the distribution once for every original input (e.g. resample in proportion to the original sample size). This sample size is calculated by tabulating the number of unique items in the distribution (t) and then summing the division of the tabulated values by their minimum.


Confidence intervals were then calculated as the 95% quantiles of repeated means.
Lastly index scores were converted to qualitative assessments by converting to a five point rating and colour scheme for scores rounded to 2 decimal places of:
0 to 0.20 were rated as ‘very poor’ and coloured red 
0.21 to 0.40 were rated as ‘poor’ and coloured orange 
0.41 to 0.60 were rated as ‘moderate’ and coloured yellow 
0.61 to 0.80 were rated as ‘good’, and coloured light green 
0.81 were rated as ‘very good’ and coloured dark green. 
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The indicators and the associated thresholds and scoring system utilised up until 2014 are summarised in Table 7. A comparison between coral index scores utilising the previous and revised methods demonstrates the consistency in the results obtained by the two methods (Figure 23). It is evident that the revised results are slightly less variable than those derived from the previous methods. This is to be expected given the inclusion of an additional three LTMP reefs in each of the Wet Tropics, Burdekin and Mackay Whitsunday Regions along with the additional indicator for community composition result in the index becoming less sensitive to change in individual indicators or at individual sites. 
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	Pre 2015 Report card index
	New Report card index

	Community attribute
	Score
	Thresholds
	Community attribute
	Score
	Thresholds

	Combined hard and soft coral cover
	1
	> 50%
	Combined hard and soft coral cover
	Continuous between 0-1
	1 at 75% cover  or greater

	
	0.5
	between 25% and 50%
	
	
	0 at zero cover

	
	0
	< 25%
	
	
	

	Rate of increase in hard coral cover (preceding 3 years)
	1
	above upper confidence interval of model-predicted change
	Rate of increase in hard coral cover (preceding 4 years)
	1
	Change  > 2x upper 95% CI of predicted change

	
	
	
	
	Continuous between 0.6 and 0.9 
	Change between upper 95% CI and 2x upper 95% CI

	
	0.5
	within confidence intervals of model-predicted change
	
	Continuous between 0.4 and 0.6
	Change within 95% CI of the predicted change

	
	
	
	
	Continuous between 0.1 and 0.4
	Change between lower  95% CI and 2x lower  95% CI

	
	0
	below lower confidence interval of model-predicted change
	
	0
	change < 2x lower 95% CI of predicted change

	Macroalgae cover
	1
	< 5%
	Proportion of algae cover classified as Macroalgae 
	Continuous between 0-1
	≤ reef specific lower bound and ≥ reef specific upper bound (Table 4)

	
	0.5
	stable between 5-15%
	
	
	

	
	0
	> 15%
	
	
	

	Density of hard coral juveniles (<10cm diameter)
	1
	> 10.5 juvenile colonies per m2 of available substratum (2m depth), or
> 13 juvenile colonies per m2 of available substratum (5m depth)
	Density of hard coral juveniles (<5cm diameter)
	1
	> 13 juveniles per m2 of available substrate 

	
	0.5
	- between 7 and 10.5 juvenile colonies per m2 of available substratum (2m depth), or
- between 7 and 13 juvenile colonies per m2 of available substratum (5m depth)
	
	Continuous between 0.4 and 1
	4.6  to 13 juveniles per m2 of available substrate

	
	0
	< 7 juvenile colonies per m2 of available substratum
	
	Continuous between 0 and 0.4
	0 to 4.6 juveniles per m2 of available substrate

	
	Composition of hard coral community
	1
	Beyond 95% CI of baseline condition in the direction of improved water quality

	
	
	0.5
	Within 95% Confidence intervals of baseline composition

	
	
	0
	Beyond 95% CI of baseline condition in the direction of declined water quality


. *Settlement of coral spat is not considered in regional assessments.
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[bookmark: _Toc437597662] Revised scoring represented by round symbols and included error, original scoring system represented by square symbols. Colour coding reflects condition classification as per section 6.7


[bookmark: _Toc460490676]Conclusions 
Observations presented in this report demonstrate recent improvements in the coral index in all regions. This improvement is consistent across most community resilience indicators and coincides with reduced loads of nutrients and sediments entering the Great Barrier Reef (the Reef) as runoff, as well as a recent reprieve from a period of frequent and intense acute disturbances over the last decade. The strong impact of acute disturbances such as: cyclones, bleaching, and outbreaks of crown-of-thorns seastars on coral communities impose an unavoidable confounding influence on assessments of ecosystem state. What has become increasingly apparent over the duration of the MMP is that it is the ability of coral communities to resist or recover from acute events that will allow their ongoing persistence. The role of water quality in altering the balance between rate and intensity of impacts associated with acute events and community’s subsequent recovery is the primary focus of the MMP with metrics contributing to the coral index having been formulated so as to focus on recovery potential of coral communities. The emerging pattern is that environmental conditions experienced during years of high inflow from the catchments are sufficient to suppress the recovery potential of coral communities. More positively the recent improvements in coral community condition imply the maintenance of recovery potential under conditions lower catchment input.
Results are discussed in terms of the Pressure, State and Impact components of a broader Driver-Pressure-State-Impact-Response (DPSIR) framework. This allows identification of some of the key pressures influencing coral community condition. In this context, there is a natural distinction between pressures that are beyond the realm of management under Reef Plan, such as acute disturbances associated with severe storms or cyclones, and those related more tangibly to water quality.
It is the recognition of the need to separate responses of coral communities to pressures associated with acute disturbances from those relating to the more chronic pressures associated with environmental conditions, and specifically water quality, that prompted the revision and improvement of the indicator metrics used to summarise coral community condition. Collectively the revised metrics:
incorporate a continuous scoring system to more naturally scale deviations from metric thresholds, 
include additional time-series for inshore coral communities monitoring by the AIMS long-term-monitoring program to enhance the information base on which condition assessments are based, and
reduce the inter-dependence of the indicator metrics and include community composition as an additional indicator that broadens the ecological basis of assessments.

These changes, while subtle, in combination allow a more intuitive interpretation of condition changes. However, we emphasise that region-level condition assessments do not vary substantially from those previously reported. 
[bookmark: _Toc460490677]Pressures 
Acute disturbances
Since MMP surveys began in 2005, substantial loss of coral cover occurred as a result of: thermal bleaching (Fitzroy Region 2006), Cyclone Larry (Wet Tropics and Burdekin regions 2006), Cyclone Ului (Whitsunday Region 2010), Cyclone Tasha (Wet Tropics 2011), Cyclone Yasi (Wet Tropics and Burdekin regions 2011), Cyclone Ita (Wet Tropics 2014), Cyclone Marsha (Fitzroy Region 2015), sub-cyclonic storms (Barron Daintree sub-region 2009, Burdekin 2009, Fitzroy 2008, 2010, 2013), predation by COTS (Wet Tropics 2012-2014) and exposure to low salinity flood waters (2m depths, Fitzroy Region in 2011). These disturbance events contribute strongly to the declines in coral community condition observed in all regions. Acute pressures most directly influence coral cover and contribute to between 43% of the coral cover lost at 5m depth in the Fitzroy region to greater than 90% in the Tully and Baron-Daintree sub-regions. These losses unavoidably translated into reductions in the scores for the coral cover indicator metric and contribute to declines in overall reef condition assessments following severe disturbance events. Each of the remaining four indictor metrics has been formulated to limit responsiveness to acute pressures so as to focus as directly as possible on changes in condition that can be interpreted as resulting from changes in water quality.
Chronic conditions - water quality
As the environment in which corals occur, water quality exerts a fundamental influence on the processes governing coral community composition and condition. Water quality in the inshore Reef shows a strong gradient, improving with distance from the coast and major rivers. Variation in benthic communities on coral reefs along this water quality gradient is evidence for the selective pressures imposed by water quality on coral reef communities (van Woesik & Done 1997, van Woesik et al. 1999, Fabricius et al. 2005, De’ath & Fabricius 2008, Uthicke et al. 2010, Fabricius et al. 2012), but also within individual reefs in response to localised hydrodynamic conditions (Uthicke et al. 2010, Thompson et al. 2010a, Browne et al. 2010). Such gradients and processes are a natural part of the Reef ecosystem, albeit under far lower levels of input of runoff-derived pollutants than presently occurs (Belperio & Searle 1988, Waters et al. 2014). The premise underpinning Reef 2050 Plan is that anthropogenic contaminant loads delivered by rivers sufficiently alter the environmental conditions in inshore Reef lagoon to suppress ecological resilience. It is the quantification of the compounding conditions along naturally occurring gradients as a result of runoff and any subsequent improvement under the Reef 2050 Plan that is the core focus of the water quality monitoring component of the MMP (see separate report by Lønborg et al., 2015).
For corals, the pressure relating to land management practices is the ‘state’ of marine water quality, which in turn is influenced by the pressure of contaminant loads entering marine waters as runoff. The loads of sediments, nutrients and pesticides exported by rivers into the Reef are strongly related to discharge volume. A crude comparison between the seven end-of-catchment load-monitoring sites in the Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy NRM regions, for which loads were estimated in both 2011 and 2015, show loads of total suspended solids, total nitrogen and total phosphorous that were delivered into the marine system to be in the order of 22, 9 and 13 times higher respectively in 2011 compared to 2015 when the combined discharge was 1/8th that of 2011 (data extracted from Turner et al. 2012, Garzon-Garcia et al. 2015). 
The MMP river plume monitoring (see Lønborg et al., 2015, and key maps reproduced in this report) clearly shows that inshore Reefs monitored by MMP and the LTMP are directly exposed to elevated loads of sediments and nutrients carried by flood plumes. Variability in flood-delivered loads (Joo et al. 2012, Turner et al. 2011, 2012, Wallace et al. 2014, 2015, Garzon-Garcia et al. 2015) has however not been closely linked to variability in marine water quality conditions as measured by the MMP in-situ monitoring program. This is not unexpected given the complexity of nutrient cycling that occurs in marine waters, dilution of plumes, and the necessarily sparse in situ sampling regime of the long-term water quality monitoring program. It is evident from marine water quality time-series that the period of high discharge into the Reef (2008-2013) has resulted in a general increase in turbidity, oxidised forms of dissolved nitrogen (NOx) and dissolved organic carbon (DOC) that have persisted through to 2015. These observations suggest that the carbon and nutrient cycling processes in the Reef lagoon have undergone dramatic changes (Lønborg et al. 2015). Turbidity in the Reef lagoon is strongly influenced by variations in the inflow of particles from the catchment and resuspension by wind, currents and tides. The trends emerging from the MMP support other studies showing that the additional flux of fine sediment imported by rivers remains in the coastal zone for periods of months to years leading to chronically elevated turbidity and rates of sedimentation (Wolanski et al. 2008, Lambrechts et al. 2010, Brodie et al. 2012a, Thompson et al. 2012, Fabricius et al. 2013a, Fabricius et al. 2014, Fabricius et al. 2016). Any increase in turbidity associated with runoff will reduce the level of photosynthetically reactive radiation reaching the benthos - a key factor limiting coral distribution (Cooper et al. 2007, Muir et al. 2015). 

[bookmark: _Toc460490678]Ecosystem State
Coral cover
For corals to persist in a location requires that they are able to survive extremes in environmental conditions but also maintain a competitive ability under ambient conditions. Although the coral cover metric is strongly influenced by disturbance events, low cover as a response to water quality pressures can also be inferred. COTS outbreaks at several inshore reefs in the Wet Tropics Region have resulted in a loss of coral cover with COTS being recognised as a major contributor to loss of coral cover in midshelf areas of the Reef also (Osborne et al. 2011, De’ath et al. 2012). The transport of coastal nutrients to the midshelf Reef has been associated with the initiation of COTS outbreaks (Brodie et al. 2005, Fabricius et al. 2010, Furnas et al. 2013, Wooldridge & Brodie 2015). Additionally, there are number of reefs monitored at which coral cover has remained low and not increased during periods free from acute disturbance events. The majority of these reefs have had a persistent cover of macroalgae strongly implying an environmental suppression of coral cover to recovery.  High turbidity and / or nutrient levels do not however preclude high cover of corals on inshore reefs. In the Mackay Whitsunday Region, for example, turbidity is regionally high and coral cover has been consistently high. This observation demonstrates the importance of disturbance history but also community composition when considering coral cover as the high cover maintained in the Mackay Whitsunday region is influenced both by a lack of acute disturbances in recent decades as well as the selection for species tolerant of high turbidity. 
Rate of change in coral cover
The rate of change indicator estimates the rate of change in coral cover (growth) during years free from acute disturbances. An adequate rate of coral cover increase is essential to ensure the long term balance between cover lost to disturbances and that regained during periods of ambient conditions. The indicator for rate of cover change has shown general declines in most regions through to 2014. These declines in rate of cover increase coincided broadly with the period of high loads of sediments and nutrients entering the reefs and, in turn, the increases in NOx, turbidity and DOC (Joo et al. 2012, Turner et al. 2012, 2013, Wallace et al. 2014, 2015 Lonborg et al. 2015). DOC constitutes the major carbon source for heterotrophic microbial growth in marine pelagic systems (e.g. Lønborg et al. 2011) and increases in DOC have been shown to promote microbial activity and coral diseases (Kline et al. 2006, Kuntz et al. 2005). In each region we noted peaks in coral disease that corresponded to either the onset of flooding, or, in the case of the Johnstone Russell-Mulgrave region, changed water quality that preceded flooding in that catchment but corresponded with flooding in catchments to the south. The conclusion that environmental conditions associated with increased loads of sediments and nutrients have been sufficiently stressful to corals to reduce growth rates and/or induce disease in susceptible species is well supported by previous observations linking nutrients and organic matter availability to higher incidence and severity of coral disease (Bruno et al. 2003, Haapkylä et al. 2011, Vega Thurber et al. 2013). 
In the pie diagrams that are used in this report to illustrate causes of coral loss within the regions the shortfall in observed increase in cover compared to that predicted based on the coral growth model are categorised into a variety of acute disturbances, “disease” and “none”. In practice, disease is only noted as a disturbance when highly prevalent as a way in capturing obvious outbreaks explicitly in the data. In reality disease prevalence occurs along a continuum from very low levels on individual colonies to major outbreaks infecting a high proportion of susceptible species. The mortality of sensitive species as a result of disease indicates a selection pressure for species not tolerant or adapted to the environmental conditions realised at the site. It is reasonable to interpret the combined loss of coral to “disease” and “none as representing the relative influence of chronic environmental pressures on the rate that coral communities can recover.  In addition to influencing the coral change metric through disease, regression tree analyses indicated that macro-algal abundance was linked to nutrient availability and in turn limited coral change. These are just two examples of the way in which environmental conditions can influence recover rates of coral cover and demonstrate that differing mechanisms of influence may be expected dependant on community type and position along a water quality gradient. 
Composition
It is well documented that compositional differences in coral communities occur along environmental gradients (Done 1982, van Woesik & Done 1997, van Woesik et al. 1999, Fabricius et al. 2005, De’ath & Fabricius 2008, Browne et al. 2010, De’ath & Fabricius 2010, Thompson et al. 2010a, Uthicke et al. 2010, Browne et al. 2012, Fabricius et al. 2012). The relationships between disease and altered environmental conditions presented above demonstrates the dynamic nature of coral community selection occurring on inshore reefs, with sensitive species gaining a foot-hold during relatively benign conditions, only to be removed during periods of environmental conditions beyond their tolerance. The newly included coral community composition indicator tended to decline along with coral cover indicating the disproportionate loss of species sensitive to water quality. The genus most susceptible to poor water quality is Acropora. This genus is also fragile and very susceptible to loss of cover during cyclones, as well as being a preferred prey group for COTS (Pratchett 2007). This means that these declines, and the subsequent recovery, cannot unambiguously be interpreted as representing a response to and subsequent release from water quality pressures alone. Over the longer term, however, there is evidence that the representation of Acropora on reefs in the Burdekin region has declined since the mid-20th century, possible as a result of increased runoff from the adjacent catchments (Roff et al. 2013). As a rapidly growing and diverse group the reduced representation of Acropora will have a logical impact on both the rate of recovery of coral cover and diversity on inshore reefs. 
Macroalgae 
Macroalgae generally benefit from increased nutrient availability due to runoff (e.g., Schaffelke et al. 2005) and, as coral competitors, supress both coral growth and juvenile settlement or survival (e.g., Tanner 1995, McCook et al. 2001, Birrell et al. 2005, 2008). There was a clear relationship between chlorophyll a concentration – a proxy for nutrient availability and the proportion of macroalgae, demonstrated in our analyses aimed at determining reef-specific macroalgae indicator metric thresholds. The occurrence of macroalgae was much higher on reefs with chlorophyll a concentrations > 0.4 µgL-1, which is in close agreement to the analysis of De’ath & Fabricius (2008) and the resulting guideline of 0.45 µgL-1 (GBRMPA 2010). Unlike the coral indicators that are plausibly responsive to environmental extremes, macroalgae must persist throughout a substantial period of the year suggesting that ambient water quality levels may be more important than extremes. Despite our development of reef specific thresholds for macroalgae in 2015 this indicator is strongly biased toward low scores at the reefs with poorer water quality. This arose due the proportion of macroalgae on reefs with high long-term median chlorophyll a being consistently at levels likely to have detrimental influences on coral recruitment and growth.
It is important to note that the relationship between high chlorophyll concentration and macroalgae cover is correlative only and does not indicate a proven cause-effect relationship. Chlorophyll may be a proxy for other environmental variables or ecological processes that influence macroalgae on inshore reefs. Wismer et al. (2009) and Cheal et al. (2013), for example, demonstrate a decline in herbivorous fish populations with increasing turbidity. Grazing is a key process for the control of macroalgal blooms and there is a wealth of research demonstrating the importance of the maintenance of herbivore populations to avoid a phase shift to macroalgae (e.g. Hughes et al. 2007). Within the Burdekin region Hughes et al. 2007 demonstrated that dense macroalgal communities could be supported in the absence of grazing on a reef with generally low cover of fleshy macroalgae, partly divorcing macroalgae biomass from direct relationship to nutrient levels alone. The relative influences of herbivory and nutrients on coral reef macroalgae is undoubtedly complex and likely to “depend on the species, circumstances and life-history processes under consideration” (Diaz-Pulido & McCook 2003). Irrespective of the underlying mechanism limiting macroalgae on reefs with lower chlorophyll a concentrations our results do demonstrate that the nutrient availability where chlorophyll a concentrations are above guideline values are sufficient to support  macroalgal biomass at levels detrimental to coral community resilience.
Juvenile density
The density of juvenile corals has remained stable or improved in all regions since 2013. This reverses the declining trends that coincided with the period of high nutrient, sediment and pesticide loads entering the Reef from 2008-2012. The early life history stages of corals are sensitive to a range of water quality parameters that vary in response to runoff (see Fabricius 2011 for a synthesis). The observed declines in the number of juvenile corals occurred at reefs across the range of exposures to poor water quality, which indicates that the causes of these declines are not clearly linked to a single environmental threshold. Rather, the stressors influencing larval settlement and/or subsequent survival are likely to vary across environmental gradients. Confounding direct links between water quality and coral recruitment will be secondary influences of water quality, such as the presence/absence of persistent macroalgal communities, as well as factors like reduced brood-stock due to disturbance events that are not linked directly to water quality. As this indicator aggregates over at least 2 cohorts of juvenile corals, the influence of acute disturbances that remove juvenile corals will lead to a reduction in juvenile densities for at least 2 years. The density of juvenile corals remains low in both the Barron Daintree sub-region, where Cyclone Ita substantially impacted communities in 2014, and the Fitzroy Region where a high cover of macroalgae has persisted at most reefs and flooding in 2011 has resulted in a marked reduction of local broodstock by removing a high proportion of reef flat and shallow reef crest corals (Berkelmans et al. 2012, data herein).
In the Herbert Tully sub-region, the increase in juvenile density was predominantly due to very high numbers of the coral genus Turbinaria. As this genus was not well represented in the adult community prior to the successive cyclonic disturbances in 2006 and 2011, it is unclear whether this recruitment pattern is simply due to natural variability or indicates the selection for species more suited to the recent environmental conditions than those previously present. Although less extreme, the genus Turbinaria has also recruited in higher proportions to several of the more turbid water reefs in the adjacent Burdekin Region. In contrast, at a number of reefs at which water quality is better, increased number of juveniles of the genus Acropora indicates the recovery of this disturbance-sensitive group of coral. 
[bookmark: _Toc460490679]Summary
The cumulative impacts of physical disturbance associated with tropical cyclones and storms along with elevated loads of contaminants introduced to the Reef over the last decade has resulted in clear declines in the condition of coral communities. Encouragingly, the release from these pressures in most regions over the last few years has resulted in observable recovery of communities, indicating a degree of resilience under location-specific ambient water quality conditions.
The emerging picture is that for coral communities the pressures associated with runoff are twofold. The location of sampling sites along underlying environmental gradients and adjacent to different catchments influences the exposure to the various components of runoff either as peak loads associated with flood plumes, or as more chronic conditions. It is increasingly apparent that, within a location, stress to coral communities is most obvious during extremes in environmental conditions that expose corals to conditions beyond those to which they are either adapted or acclimated. Links between coral disease, poor rates of increase in coral cover and declines in the community composition metric all point to water quality pressures experienced either during, or in the period of months following major floods as being sufficiently removed from ambient conditions so as to select against sensitive species on a site-by-site basis. Beyond the direct influence of water quality pressures the initiation of outbreaks of COTS have also been linked to increased nutrient loads delivered to the Reef lagoon during flood events, extending the influence of pulses of high nutrient loads to large tracts of the Reef (Fabricius et al. 2010, Caballes & Pratchett 2014, Wooldridge & Brodie 2015).
The ambient conditions of a site can influence the resilience of reef communities, for example by supporting a sustained high cover of macroalgae. In addition, degraded water quality may increase the susceptibility of corals to disturbance. Evidence from recent research into the interactions between water quality and climate change suggests that the tolerance to heat stress of corals is reduced by exposure to contaminants including nutrients, herbicides and suspended particulate matter (Wooldridge & Done 2004, Negri et al. 2011, Wiedenmann et al. 2013, Fabricius et al. 2013b). With the exception of the Fitzroy Region in 2006, the water temperatures have not shown substantial deviations from summer climatology over the first 10 years of the MMP. This does not however diminish the concern for inshore reefs given that persistence of altered water quality conditions and ongoing threat of summer temperature anomalies in a changing climate. 
The amount and variability of rainfall has significantly increased in northern Australia over the past 100 years (Lough 2011) and the severity of disturbance events is projected to increase as a result of climate change (Steffen et al. 2013). Any increase in susceptibility to these disturbances as a result of local stressors will compound the pressures imposed on sensitive species and potentially lead to profound changes in coral communities for Reef inshore communities. At present, there is a limited understanding of the cumulative impacts of these multiple pressures. The GBRMPA Strategic Assessment identified this as a key knowledge gap and the management of these impacts as a major strategic challenge (GBRMPA 2014a). What can be concluded from the observed responses of coral communities on inshore reefs, and COTS population outbreaks, is the clear need to reduce the anthropogenic loads entering the Reef. In particular the loads carried during the larger flood events appear to have the most direct effect on coral community condition, and also incur a persistent change in ambient conditions. 
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	Region
	River
	Median
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	Wet Tropics
	Daintree River (108002A)
	 727872
	1.4
	0.1
	0.2
	2.0
	0.7
	1.7
	1.0
	1.2
	0.9
	1.7
	2.3
	1.3
	0.9
	3.2
	1.1

	
	Barron River (110001D)
	 529091
	1.6
	0.3
	0.2
	1.8
	0.7
	1.4
	0.8
	3.0
	1.5
	0.9
	3.6
	1.5
	0.5
	1.1
	0.7

	
	Mulgrave River (111007A)
	 728917
	1.1
	0.3
	0.5
	1.6
	0.6
	1.3
	1.0
	1.3
	1.0
	1.0
	2.1
	1.5
	0.7
	1.3
	0.8

	
	Russell River (111101D)
	 995142
	1.2
	0.4
	0.6
	1.4
	1.0
	1.3
	1.3
	1.1
	1.2
	1.3
	1.7
	1.3
	0.8
	1.3
	0.7

	
	North Johnstone River (112004A)
	1764742
	1.2
	0.4
	0.5
	1.3
	0.8
	1.2
	1.2
	1.1
	1.1
	1.0
	2.0
	1.7
	0.8
	1.2
	0.0

	
	South Johnstone River (112101B)
	 850463
	0.9
	0.4
	0.4
	0.5
	0.6
	1.2
	1.0
	0.9
	1.2
	0.8
	1.8
	1.1
	0.6
	0.9
	0.5

	
	Tully River (113006A)
	2944018
	1.2
	0.4
	0.5
	1.1
	0.7
	1.2
	1.3
	1.1
	1.2
	1.0
	2.1
	1.2
	1.0
	1.2
	0.1

	
	Herbert River (116001E/F)
	3041440
	1.5
	0.3
	0.2
	1.1
	0.4
	1.3
	1.3
	1.1
	3.1
	1.0
	3.8
	1.4
	1.0
	1.3
	0.3

	Burdekin
	Burdekin River (120006B)
	5312986
	1.6
	0.8
	0.4
	0.3
	0.8
	0.4
	1.8
	5.2
	5.5
	1.5
	6.6
	2.9
	0.6
	0.3
	0.2

	Mackay Whitsunday
	O’Connell River (124001B)
	 150788
	1.0
	0.6
	0.2
	0.2
	0.5
	0.6
	1.1
	1.7
	1.3
	2.2
	3.9
	1.9
	0.7
	0.6
	0.1

	
	Pioneer River (125007A)
	 355584
	2.1
	0.6
	0.3
	0.1
	0.6
	0.2
	2.0
	3.7
	2.3
	3.3
	9.2
	3.7
	2.6
	1.4
	0.3

	Fitzroy
	Fitzroy River (130005A)
	3071435
	1.0
	0.2
	0.8
	0.4
	0.3
	0.2
	0.3
	4.0
	0.7
	3.8
	12.4
	2.6
	2.8
	0.5
	0.9



Values for each water year (October to September) represent the proportional discharge relative to long-term medians for each river (in ML).  Median discharges were estimated from available long-term time series and included data between 1970 until 2000. Colours highlight years for which flow was 1.5 to 2 times the median (yellow), 2 to 3 times the median (orange), or more than three times the median (red). *** Indicates years for which >15% of daily flow estimates were not available, ** similarly indicate years for which >15% of daily flow was not available but these missing records are likely have been zero flow and so annual flow estimates are valid, whereas an * indicates that between 5% and 15% of daily observations were missing. Discharge data were supplied by the Queensland Department of Natural Resources and Mines (gauging station codes given after river names).
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For coral bleaching, decimal fractions indicate the probability of occurrence at this site (see table footnote). Percentages in brackets are the observed proportional loss of hard coral cover for a given disturbance at that reef. Proportional coral lost is the difference between model predicted coral cover and observed cover divided by model predicted cover, following an identified disturbance (where predicted cover is based on pre-disturbance cover and allowing for growth as per the coral change indicator).
	Region
	Catchment
	Reef
	Bleaching
	Other recorded disturbances

	
	
	
	1998
	2002
	2006
	

	Wet Tropics
	Barron
Daintree
	Snapper North
	0.92 (19%)
	0.95 (Nil)
	
	Flood 1996 (20%), Cyclone Rona 1999 (74%), Storm 2009 (13% at 2m 8% at 5m),Disease 2011 (20% at 2m, 27% at 5m), crown-of-thorns 2012-2013 (38% at 2m, 66% at 5m), Cyclone Ita 12th April 2014 (90% at 2m, 49% at 5m) – possible flood associated and crown-of-thorns 2014 

	
	
	Snapper South
	0.92 (Nil)
	0.95 (Nil)
	
	Flood 1996 (87%), Flood 2004 (32%), crown-of-thorns 2013 (25% at 2m, 17% at 5m), Cyclone Ita April 12th 2014, (17% at 2m, 21% at 5m)

	
	
	Low Islet
	
	
	
	Crown-of-thorns 1997-1999 (52%), Multiple disturbances (Cyclone Rona, crown-of-thorns) 1999-2000 (61%), Multiple disturbances (Cyclone Yasi, bleaching and disease) 2009-2011 (23%), Crown-of-thorns 2013-2015(38%)

	
	Johnstone 
Russell-Mulgrave 
	Fitzroy East
	0.92
	0.95
	
	Cyclone Felicity 1989 (75% manta tow data), Disease 2010 (14% at 2m, 6% at 5m), Disease 2011 (60% at 2m, 42% at 5m), crown-of-thorns 2012 (12%), ), crown-of-thorns 2014(26% at 2m, 48% at 5m)

	
	
	Fitzroy West
	0.92 (13%)
	0.95(15%)
	
	Crown-of-thorns 1999-2000 (78%), Cyclone Hamish 2009 (stalled recovery trajectory), 
Disease 2011 (41% at 2m, 17% at 5m), crown-of-thorns 2012 (12% at 5m), crown-of-thorns 2013 (32% at 2m,36% at 5m),
crown-of-thorns 2014(5% at 2m)

	
	
	Fitzroy West LTMP
	81%
	
	
	Crown-of-thorns and continued bleaching 1999-2000 (81%), crown-of-thorns 2013 (5%) and 2014-15(46%)

	
	
	Franklands East
	0.92 (43%)
	0.80 (Nil)
	
	Unknown though likely crown-of-thorns 2000 (68%) Cyclone Larry 2006 (63% at 2m , 50% at 5m), Disease 2007-2008 (34% at 2m), Cyclone Tasha/Yasi 2011 (60% at 2 m, 41% at 5m)

	
	
	Franklands West
	0.93 (44%)
	0.80 (Nil)
	
	Unknown though likely crown-of-thorns 2000 (35%) Cyclone Tasha/Yasi 2011 (35% at 2m)

	
	
	High East
	0.93
	0.80
	
	Cyclone Tasha/Yasi 2011 (80% at 2m, 58% at 5m)

	
	
	High West
	0.93
	0.80
	
	Cyclone Larry 2006 (24% at 5m), Flood/Bleaching 2009(10% at 2m), Storm 2011 (21% at 2m, 33% at 5m)

	
	
	Green
	
	
	
	Crown-of-thorns 1997 (55%), crown-of-thorns 2011-2013 (44%), 2014-2015 (46%)

	
	Herbert 
Tully
	Barnards
	0.93
	0.80
	
	Cyclone Larry 2006 (95% at 2m 87% at 5m), Cyclone Yasi 2011 (53% at 2m, 24% at 5m)

	
	
	King Reef
	0.93
	0.85
	
	Cyclone Larry 2006 (56% at 2m,50% at 5m), Cyclone Yasi2010-2012 Cyclone(70% at 2m, 36% at 5m)

	
	
	Dunk North
	0.93
	0.80
	
	Cyclone Larry 2006 (81% at 2m , 72% at 5m), Disease 2007 (33% at 2m), Cyclone Yasi 2011 (93% at 2m, 75% at 5m)

	
	
	Dunk South
	0.93
	0.85
	
	Cyclone Larry 2006 (22% at 2m , 18% at 5m), Cyclone Yasi 2011 (79% at 2m, 55% at 5m)
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Table A 2  continued
	Region
	Catchment
	Reef
	Bleaching
	Other recorded disturbances

	
	
	
	1998
	2002
	2006
	

	Burdekin
	Burdekin
	Palms East
	0.93
	0.80
	
	Cyclone Larry 2006 (22% at 2m, 39% at 5m), Cyclone Yasi 2011 (83% at 2m, 83% at 5m)

	
	
	Palms West
	0.92 (83%)
	0.80
	
	Unknown 1995-1997 though possibly Cyclone Justin (32%) , Cyclone Larry 2006 (15% at 2m),
Storm 2010 (68% at 2m)

	
	
	Lady Elliott Reef
	0.93
	0.85
	
	Cyclone Yasi 2011 most likely although reef not surveyed that year (863% at 2m, 45% at 5m)

	
	
	Pandora Reef
	0.93 (21%)
	0.85 (2%)
	
	Cyclone Tessie 2000 (9%), Cyclone Larry 2006 (27% at 2m, 7% at 5m), Storm 2009 (40% at 2m, 53% at 5m), Cyclone Yasi 2011 (11% at 2m, 46% at 5m)

	
	
	Pandora North
	11%
	
	
	Cyclone Yasi 2011 (24%)

	
	
	Havannah
	0.93 
	0.95 
	
	Combination of Cyclone Tessie and Crown-of-thorns 1999-2001 (66%) Cyclone Yasi 2011 (3% at 2m, 19% at 5m)

	
	
	Havannah North
	49%
	21%
	
	Cyclone Tessie 2000 (54%), 2001 Crown-of-thorns (44%) Cyclone Yasi 2011 (68%)

	
	
	Middle Reef LTMP
	(7%)
	(12%)
	
	Flood/freshwater bleaching 2009 (20%)

	
	
	Magnetic
	0.93 (24%)
	0.95 (37%)
	
	Cyclone Joy 1990 (13%), Bleaching 1993 (10%), Cyclone Tessie 2000 (18%), Cyclone Larry 2006 (39% at 2m, 6% at 5m), Cyclone Yasi and Flood/Bleaching 2011 (38% at 2m, 19% at 5m)

	Mackay Whitsunday
	Proserpine
	Hook
	0.57
	1
	
	Coral Bleaching Jan 2006, probable though not observed as we did not visit region at time of event. Same for other reefs in region, Cyclone Ului 2010 (31% at 2m,16% at 5m)

	
	
	Dent
	0.57 (32%)
	0.95
	
	Disease 2007(16% at 2m and 17% 5m), Cyclone Ului 2010 most likely although reef not surveyed in that year (20% at 2m,26% at 5m)

	
	
	Seaforth
	0.57
	0.95
	
	Flood 2009 (15% at 2m,, 21% at 5m)

	
	
	Double Cone
	0.57
	1
	
	Flood 2009( 12% at 2m), Cyclone Ului 2010 (26% at 2m, 11% at 5m)

	
	
	Daydream
	0.31 (44%)
	1
	
	Disease 2008 (25% at 2m, 20% at 5m), Cyclone Ului 2010 (46% at 2m, 46% at 5m)

	
	
	Shute Harbour
	0.57
	1
	
	Cyclone Ului 2010 (7% at 2m)

	
	
	Pine
	0.31
	1
	
	Flood 2009(13% at 2 and 5m), Cyclone Ului 2010 (12% at 2m, 9% at 5m), Disease 2011(14% at 5m)

	
	
	Hayman
	
	
	
	Cyclone Ului 2010 (36%)

	
	
	Langford
	
	
	
	

	
	
	Border
	
	(10%)
	
	



Table A 2  continued
	Region
	Catchment
	Reef
	Bleaching
	Other recorded disturbances

	
	
	
	1998
	2002
	2006
	


	Fitzroy
	Fitzroy
	Barren
	1
	1
	(25%, 2m ) (30%, 5m)
	Storm Feb 2008 (42% at 2m, 25% at 5m), Storm Feb 2010 plus disease (23% at 2m,9% at 5m), 
Storm Feb 2013 (50% at 2m, 49% at 5m) ), Storm Feb 2014 (17% at 2m, 19% at 5m), Cyclone Marcia 2015 (62% at 2m, 23% at 5m)

	
	
	North Keppel
	1 (15%)
	0.89 (36%)
	(61%, 2m) (41% , 5m)
	Storm Feb 2010 possible though not observed as site not surveyed that year. 2011 ongoing disease (26% at 2m and 55% at 5m) possibly associated with flood.

	
	
	Middle Is
	1 (56%)
	1 (Nil)
	(61%, 2m)  (38%, 5m)
	Storm Feb 2010 plus disease (28% at 2m, 43% at 5m) Cyclone Marcia 2015 (29% at 2m, 33% at 5m)

	
	
	Keppels South
	1 (6%)
	1 (26%)
	(27%, 2m) (28%, 5m)
	Flood 2008 (6% at 2m), Disease 2010 (10% at 2m 23% at 5m), Flood 2011 (84% at 2m)

	
	
	Pelican
	1
	1
	17%, 5m
	Flood /Storm 2008 (28% at 2m, 6% at 5m), Disease 2009 (12% at 5m), Disease 2010 (26% at 2m),
Flood 2011 (99%at 2m, 32% at 5m), Cyclone Marcia 2015 (34% at 5m)

	
	
	Peak
	1
	1
	
	Flood 2008 (28% at 2m), Flood 2011 (70% at 2m, 26% at 5m)



Note: As direct observations of impact were limited during the wide spread bleaching events of 1998 and 2002 tabulated values for these years are the estimated probability that each reef would have experienced a coral bleaching event as calculated using a Bayesian Network model (Wooldridge & Done 2004). The network model allows information about site-specific physical variables (e.g. water quality, mixing strength, thermal history, wave regime) to be combined with satellite-derived estimates of sea surface temperature (SST) in order to provide a probability (= strength of belief) that a given coral community in a given patch of ocean would have experienced a coral bleaching event. Higher probabilities indicate a greater strength of belief in both the likelihood of a bleaching event and the severity of that event. Where impact was observed the proportional reduction in coral cover is included. For all other disturbances listed the proportional reductions in cover are based on direct observation.
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Benthic community condition fort each reef and depth based on 2015 metric scores. Coral index scores are colour coded by condition categories: red = very poor, orange = poor, yellow = moderate, light green = good and dark green = very good. Reefs within (sub) regions are ordered by increasing chlorophyll a concentration in the water (Table 1 4).
	Region

	Reef
	depth
	Coral cover
	Juvenile corals 
	Macro- algae
	Cover change
	Coral
composition
	Coral index

	Daintree
	Low Islet
	5
	0.49
	0.73
	1.00
	1.00
	0.50
	0.74

	
	Snapper North
	2
	0.09
	0.06
	0
	0.34
	0.00
	0.10

	
	
	5
	0.29
	0.11
	0.28
	1.00
	0.00
	0.34

	
	Snapper South
	2
	0.57
	0.28
	1
	0.35
	1.00
	0.64

	
	
	5
	0.73
	0.07
	0
	0.41
	0.50
	0.34

	Report Card Score - Moderate
	0.43
	0.25
	0.46
	0.62
	0.40
	0.43

	
	
	

	Johnstone Russell-Mulgrave
	Fitzroy East
	2
	0.32
	0.42
	1.00
	0.50
	0.50
	0.55

	
	
	5
	0.38
	0.40
	1.00
	
	0.00
	0.45

	
	Franklands East
	2
	0.36
	0.30
	0.00
	0.38
	0.50
	0.31

	
	
	5
	0.62
	0.61
	0.00
	0.90
	1.00
	0.63

	
	Green 
	5
	0.16
	1.00
	0.68
	
	0.00
	0.47

	
	Franklands West
	2
	0.81
	0.43
	0.37
	0.55
	0.50
	0.53

	
	
	5
	0.69
	0.25
	0.56
	0.33
	1.00
	0.57

	
	Fitzroy West
	2
	0.86
	0.50
	1.00
	0.79
	0.50
	0.73

	
	
	5
	0.68
	0.67
	1.00
	0.00
	0.50
	0.57

	
	Fitzroy West LTMP
	5
	0.61
	1.00
	1.00
	
	0.50
	078

	
	High East
	2
	0.75
	0.37
	1.00
	1.00
	0.50
	0.72

	
	
	5
	0.74
	0.64
	0.95
	0.78
	0.50
	0.72

	
	High West
	2
	0.82
	0.35
	0.90
	0.48
	0.50
	0.61

	
	
	5
	0.39
	0.30
	0.97
	0.59
	0.50
	0.55

	Report Card Score - Moderate
	0.58
	0.52
	0.74
	0.57
	0.50
	0.58

	
	
	

	Herbert Tully
	Barnards
	2
	0.36
	0.97
	0.37
	0.72
	0.50
	0.58

	
	
	5
	0.40
	1.00
	0.79
	0.79
	0.50
	0.70

	
	Dunk North
	2
	0.12
	1.00
	0.00
	0.58
	0.00
	0.34

	
	
	5
	0.15
	1.00
	0.00
	0.33
	0.50
	0.40

	
	Dunk South
	2
	0.15
	0.81
	0.00
	0.50
	0.50
	0.39

	
	
	5
	0.43
	1.00
	0.56
	0.50
	0.00
	0.50

	
	Bedarra
	2
	0.17
	0.77
	0.00
	
	
	0.31

	
	
	5
	0.22
	1.00
	0.79
	
	
	0.66

	Report Card Score - Moderate
	0.25
	0.94
	0.31
	0.57
	0.33
	0.48




Table A 3 continued
	Region

	Reef
	depth
	Coral cover
	Juvenile corals 
	Macro- algae
	Cover change
	Coral
composition
	Coral index

	Burdekin
	Palms East
	2
	0.06
	0.43
	1.00
	0.40
	0.00
	0.38

	
	
	5
	0.05
	0.51
	0.05
	0.33
	0.50
	0.29

	
	Havannah North
	5
	0.06
	0.98
	0.00
	0.31
	0.50
	0.37

	
	Palms West
	2
	0.47
	0.49
	1.00
	0.50
	0.50
	0.59

	
	
	5
	0.56
	0.50
	1.00
	0.25
	0.00
	0.46

	
	Havannah
	2
	0.76
	0.28
	1.00
	1.00
	1.00
	0.81

	
	
	5
	0.38
	0.51
	0.00
	0.84
	1.00
	0.55

	
	Pandora North
	5
	0.64
	0.41
	0.00
	0.07
	0.50
	0.32

	
	Pandora
	2
	0.05
	0.23
	0.00
	0.14
	0.50
	0.18

	
	
	5
	0.09
	0.58
	0.00
	0.35
	0.50
	0.30

	
	Lady Elliot
	2
	0.12
	1.00
	0.21
	0.57
	0.50
	0.48

	
	
	5
	0.37
	1.00
	0.00
	0.38
	0.50
	0.45

	
	Magnetic
	2
	0.19
	0.20
	0.00
	0.21
	0.00
	0.12

	
	
	5
	0.35
	0.64
	0.00
	0.23
	0.00
	0.25

	
	Middle LTMP
	2
	0.52
	0.55
	0.00
	
	0.50
	0.52

	Report Card Score - Moderate
	0.30
	0.58
	0.32
	0.40
	0.43
	0.41


 


Table A 3 continued
	Region
	Reef
	depth
	Coral cover
	Juvenile corals 
	Macro- algae
	Cover change
	Coral composition
	Coral index

	
	Hayman
	5
	0.64
	0.89
	1.00
	0.28
	0.50
	0.66

	Mackay Whitsunday
	Langford
	5
	0.59
	0.89
	1.00
	0.08
	0.50
	0.61

	
	Hook
	2
	0.58
	0.47
	1.00
	0.20
	0.50
	0.55

	
	
	5
	0.56
	0.39
	1.00
	0.22
	0.50
	0.53

	
	Border
	5
	0.78
	1.00
	1.00
	0.27
	0.50
	0.71

	
	Double Cone
	2
	0.97
	0.39
	1.00
	0.89
	1.00
	0.85

	
	
	5
	0.97
	0.48
	1.00
	0.33
	0.50
	0.66

	
	Seaforth
	2
	0.38
	0.47
	0.00
	0.40
	0.50
	0.35

	
	
	5
	0.23
	0.70
	0.00
	0.00
	1.00
	0.39

	
	Dent
	2
	0.90
	0.38
	1.00
	0.80
	1.00
	0.82

	
	
	5
	0.74
	0.50
	0.95
	0.66
	0.50
	0.67

	
	Daydream
	2
	0.42
	0.45
	1.00
	0.40
	0.00
	0.45

	
	
	5
	0.42
	0.76
	0.87
	0.38
	0.00
	0.49

	
	Shute harbour
	2
	0.86
	0.83
	1.00
	0.75
	1.00
	0.89

	
	
	5
	0.49
	0.76
	0.69
	0.28
	0.00
	0.45

	
	Pine
	2
	0.68
	0.45
	0.00
	0.42
	0.50
	0.41

	
	
	5
	0.59
	0.41
	0.00
	0.42
	0.50
	0.39

	Report Card Score - Moderate
	0.64
	0.60
	0.74
	0.40
	0.53
	0.58

	
	
	

	Fitzroy
	Barren
	2
	0.24
	0.70
	1.00
	1.00
	0.00
	0.59

	
	
	5
	0.47
	0.08
	0.00
	1.00
	0.00
	0.31

	
	Keppels South
	2
	0.12
	0.11
	0.00
	0.19
	0.00
	0.09

	
	
	5
	0.40
	0.12
	0.00
	0.17
	0.50
	0.24

	
	North Keppel
	2
	0.39
	0.11
	0.00
	0.26
	0.50
	0.25

	
	
	5
	0.14
	0.09
	0.00
	0.19
	0.50
	0.19

	
	Middle
	2
	0.33
	0.14
	0.00
	0.15
	0.00
	0.12

	
	
	5
	0.17
	0.28
	0.00
	0.00
	0.00
	0.09

	
	Pelican
	2
	0.01
	0.05
	0.00
	0.25
	0.00
	0.06

	
	
	5
	0.27
	0.30
	0.00
	0.33
	0.00
	0.18

	
	Peak
	2
	0.12
	0.08
	0.00
	0.32
	0.50
	0.20

	
	
	5
	0.33
	0.37
	0.00
	0.15
	0.50
	0.27

	Report Card Score - Poor
	0.25
	0.20
	0.08
	0.33
	0.21
	0.22



[bookmark: _Ref460423145][bookmark: _Toc437424465][bookmark: _Toc437424589][bookmark: _Toc437432518][bookmark: _Toc460491686]Table A 4: Environmental covariates for coral locations
For plume-type water exposure estimate, Chlorophyll a (chl) and Non algal particulates (nap) a square of nine 1km square pixels was selected adjacent to each reef location. From these pixels the mean exposure to plume type waters over the period 2003-2015 (Figure A2-9) and mean concentrations of chl and nap over the period 2005-2015 downloaded from the Bureau of Meteorology, Marine Water Quality Dashboard are reported. Clay and silt is the mean proportion of sediments from reef sites with grainsize < 63um.   Reefs are ordered by chlorophyll a concentration
	 (sub) Region
	Reef
	Plume-type water exposure
	Chl a
(µgL-1)
	Nap
(mgL-1)
	clay and silt (%)

	
	
	primary
	secondary
	tertiary
	
	
	

	Barron Daintree
	Low Isles
	0.024
	0.186
	0.579
	0.342
	0.898
	7.500

	
	Snapper North
	0.049
	0.503
	0.329
	0.482
	0.923
	40.462

	
	Snapper South
	0.058
	0.510
	0.345
	0.492
	0.924
	11.154

	Johnstone Russell-Mulgrave
	Fitzroy East
	0.016
	0.178
	0.415
	0.262
	0.618
	1.653

	
	Franklands East
	0.033
	0.164
	0.425
	0.278
	0.658
	3.236

	
	Green
	0.020
	0.212
	0.304
	0.297
	0.509
	6.500

	
	Franklands West
	0.036
	0.267
	0.480
	0.339
	0.680
	31.268

	
	Fitzroy West
	0.015
	0.293
	0.494
	0.375
	0.678
	9.302

	
	High East
	0.036
	0.229
	0.543
	0.391
	0.703
	1.349

	
	High West
	0.061
	0.493
	0.366
	0.525
	0.787
	12.758

	Herbert Tully
	Barnards
	0.035
	0.525
	0.327
	0.471
	0.653
	6.101

	
	Dunk North
	0.053
	0.739
	0.110
	0.537
	0.807
	12.321

	
	King
	0.061
	0.632
	0.212
	0.543
	0.692
	2.200

	
	Dunk South
	0.107
	0.706
	0.112
	0.601
	0.853
	12.146

	Burdekin
	Palms East
	0.014
	0.134
	0.581
	0.264
	0.606
	0.480

	
	Havannah North
	0.040
	0.241
	0.608
	0.380
	0.685
	7.100

	
	Palms West
	0.043
	0.278
	0.575
	0.381
	0.672
	5.590

	
	Havannah
	0.030
	0.367
	0.509
	0.414
	0.688
	7.049

	
	Pandora North
	0.038
	0.564
	0.338
	0.473
	0.741
	46.000

	
	Pandora
	0.034
	0.546
	0.353
	0.486
	0.760
	4.141

	
	Lady Elliot
	0.134
	0.790
	0.028
	0.658
	0.961
	14.474

	
	Magnetic
	0.114
	0.812
	0.043
	0.714
	1.572
	9.963

	
	Middle Rf
	0.188
	0.767
	0.007
	0.920
	2.781
	51.539

	Mackay Whitsunday
	Hayman
	0.010
	0.083
	0.642
	0.275
	0.709
	8.000

	
	Langford
	0.010
	0.120
	0.690
	0.301
	0.831
	46.000

	
	Hook
	0.014
	0.300
	0.599
	0.336
	0.987
	35.636

	
	Border
	0.003
	0.244
	0.639
	0.342
	0.968
	12.500

	
	Double Cone
	0.009
	0.387
	0.527
	0.358
	1.146
	36.103

	
	Seaforth
	0.006
	0.536
	0.417
	0.420
	1.112
	37.121

	
	Dent
	0.007
	0.651
	0.290
	0.440
	1.204
	53.768

	
	Daydream
	0.016
	0.650
	0.270
	0.447
	1.150
	72.426

	
	Shute Harbour
	0.014
	0.692
	0.226
	0.458
	1.207
	53.872

	
	Pine
	0.003
	0.727
	0.198
	0.476
	1.421
	60.969

	Fitzroy
	Barren
	0.060
	0.222
	0.507
	0.324
	0.393
	4.236

	
	Keppels South
	0.130
	0.546
	0.289
	0.446
	0.553
	9.785

	
	North Keppel
	0.088
	0.579
	0.299
	0.463
	0.612
	21.317

	
	Middle
	0.056
	0.632
	0.280
	0.471
	0.671
	4.766

	
	Pelican
	0.282
	0.647
	0.040
	0.631
	1.036
	2.125

	
	Peak
	0.223
	0.724
	0.033
	0.651
	1.656
	9.532

	
	
	
	
	
	
	
	



[bookmark: _Toc374701408][bookmark: _Toc392929576][bookmark: _Toc430268217][image: ]
[bookmark: _Ref460423943][bookmark: _Toc453243768][bookmark: _Toc460491398]Figure A 1: Cover of major benthic groups and density of hard coral juveniles at reefs in the Daintree sub-region.
[bookmark: _Toc437424324][bookmark: _Toc437432377] Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends relevant groupings for cover and juvenile density estimates are located beneath the relevant plots.
[bookmark: _Toc374701409][bookmark: _Toc392929577][bookmark: _Toc430268218][bookmark: _Toc453243769]
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[bookmark: _Ref460484697][bookmark: _Toc460491399][bookmark: _Toc437424325][bookmark: _Toc437432378]Figure A 2: Cover of major benthic groups and density of hard coral juveniles at reefs in the Johnstone sub-region. Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends relevant groupings for cover and juvenile density estimates are located beneath the relevant plots.
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Figure A 2 continued


[bookmark: _Toc374701410][bookmark: _Toc392929578][bookmark: _Toc430268219][image: ]
[bookmark: _Ref460485602][bookmark: _Toc453243770][bookmark: _Toc460491400]Figure A 3: Cover of major benthic groups and density of hard coral juveniles at reefs in the Tully sub- region.
[bookmark: _Toc437424326][bookmark: _Toc437432379] Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends with relevant groupings for cover and juvenile density estimates are located beneath the respective plots.
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Figure A 3 continued
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[bookmark: _Ref460485785][bookmark: _Toc374701411][bookmark: _Toc392929579][bookmark: _Toc430268220][bookmark: _Toc453243771][bookmark: _Toc460491401]Figure A 4: Cover of major benthic groups and density of hard coral juveniles at reefs in the Burdekin region.
[bookmark: _Toc437424327][bookmark: _Toc437432380] Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends with relevant groupings for cover and juvenile density estimates are located beneath the respective plots.
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Figure A 4 continued
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[bookmark: _Ref460486933][bookmark: _Toc453243772][bookmark: _Toc460491402]Figure A 5: Cover of major benthic groups and density of hard coral juveniles at reefs in the Mackay Whitsunday region.
[bookmark: _Toc437424328][bookmark: _Toc437432381] Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends with relevant groupings for cover and juvenile density estimates are located beneath the respective plots.
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Figure A 5 continued
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Figure  5 continued
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[bookmark: _Ref460423959][bookmark: _Toc453243773][bookmark: _Toc460491403]Figure A 6: Cover of major benthic groups and density of hard coral juveniles at reefs in the Fitzroy region.
[bookmark: _Toc437424329][bookmark: _Toc437432382] Cover estimates are separated into regionally abundant hard coral families and the total cover for soft corals and macroalgae (hanging). Juvenile density estimates are for regionally abundant hard coral families. Separate legends with relevant groupings for cover and juvenile density estimates are located beneath the respective plots.

Figure A 6 continued



[bookmark: _Toc358712538][bookmark: _Toc374701415][bookmark: _Toc392929583][bookmark: _Toc430268223]
[bookmark: _Ref460423979][bookmark: _Toc453243774][bookmark: _Toc460491404]Figure A 7: Coral disease by year in each region
. Boxplots include the number of coral colonies suffering ongoing mortality attributed to either disease, sedimentation or ‘unknown causes’ for each reef, depth and year standardised to the reef and depth mean across years.  

[bookmark: _Ref460423873][bookmark: _Toc437424466][bookmark: _Toc437424590][bookmark: _Toc437432519][bookmark: _Toc460491687]Table A 5: Composition of hard coral communities. 
Common genera of Hard corals (% cover) 2015, presented are genera for which cover exceeded 0.5% on at least one reef, rare or unidentified genera are grouped as “other”.
	sub/Region
	Reef
	DEPTH
	Acropora
	Alveopora
	Caulastrea
	Cyphastrea
	Diploastrea
	Echinophyllia
	Echinopora
	Favia
	Favites
	Fungia
	Galaxea
	Goniastrea
	Goniopora
	Hydnophora
	Leptoseris
	Lobophyllia
	Merulina
	Montipora
	Mycedium
	Oxypora
	Pachyseris
	Pavona
	Pectinia
	Platygyra
	Pleisiastrea
	Pocillopora
	Podobacia
	Porites
	Psammocora
	Seriatopora
	Stylophora
	Symphyllia
	Turbinaria
	Other

	Barron Daintree
	Snapper North
	2
	1.92
	
	
	
	
	
	0.25
	
	
	0.08
	
	
	0.04
	
	
	
	
	0.17
	
	
	
	
	
	
	
	0.04
	
	
	
	0.04
	
	
	
	

	
	
	5
	0.06
	
	0.25
	0.06
	
	
	
	
	
	0.06
	0.38
	0.06
	4.75
	
	0.69
	0.06
	
	0.25
	0.06
	
	6.25
	1.25
	
	0.25
	
	
	0.06
	4.38
	
	0.06
	
	
	
	0.94

	
	Snapper South
	2
	4.34
	
	
	0.13
	
	
	
	0.13
	0.13
	
	1.29
	1.00
	
	
	
	0.04
	
	0.67
	
	
	
	0.29
	
	0.13
	
	0.58
	
	25.3
	0.17
	
	
	
	0.17
	0.25

	
	
	5
	2.75
	
	2.96
	
	
	
	0.19
	
	0.06
	
	0.06
	
	1.55
	
	
	
	
	0.30
	
	
	2.64
	0.13
	
	
	
	0.13
	
	28.9
	0.44
	
	
	
	0.13
	0.25

	
	Low Isles
	5
	
	
	0.07
	
	0.30
	
	0.63
	0.13
	0.03
	0.23
	2.03
	0.07
	0.23
	0.07
	
	0.87
	0.07
	1.57
	
	
	1.60
	0.03
	0.13
	0.13
	
	0.10
	
	12.2
	0.13
	0.17
	0.03
	
	0.23
	0.50

	Johnstone Russel-lMulgrave
	Green
	5
	0.10
	
	
	0.07
	0.10
	
	0.07
	0.03
	
	
	0.10
	0.03
	0.13
	
	
	0.17
	
	0.17
	
	
	0.07
	
	
	0.20
	
	
	
	4.43
	
	0.03
	
	0.03
	0.07
	0.20

	
	Fitzroy West LTMP
	5
	0.03
	
	0.03
	0.03
	
	
	0.10
	0.10
	
	0.30
	0.60
	0.13
	0.20
	
	
	0.94
	0.27
	1.54
	0.03
	0.03
	0.60
	0.03
	0.07
	0.23
	
	0.20
	0.10
	10.3
	
	0.03
	0.27
	
	0.03
	0.27

	
	Fitzroy East
	2
	3.13
	
	
	
	
	
	0.25
	0.38
	0.69
	
	
	1.19
	
	0.06
	
	0.06
	
	5.44
	
	
	
	0.06
	
	0.19
	
	1.06
	
	5.50
	
	
	0.06
	0.56
	
	0.38

	
	
	5
	0.38
	
	
	0.06
	0.88
	
	1.06
	0.56
	0.06
	
	1.31
	0.25
	
	
	0.06
	0.19
	
	0.31
	
	0.13
	0.06
	
	
	0.69
	
	2.63
	
	7.31
	0.31
	
	
	
	
	1.00

	
	Fitzroy West
	2
	10.1
	
	
	
	1.00
	
	0.95
	0.19
	0.06
	0.06
	0.69
	0.19
	0.31
	0.06
	
	0.75
	
	5.08
	
	
	
	0.06
	
	0.19
	
	0.56
	
	3.77
	0.13
	
	0.31
	0.31
	0.38
	0.25

	
	
	5
	2.06
	
	0.06
	
	1.25
	
	0.75
	0.19
	
	0.31
	0.88
	0.06
	0.13
	0.13
	0.06
	0.63
	0.13
	0.94
	0.19
	0.06
	0.25
	
	
	0.13
	
	0.38
	
	9.88
	0.06
	0.06
	0.13
	0.06
	
	0.19

	
	Franklands East
	2
	9.63
	
	
	0.19
	
	
	0.19
	0.56
	0.13
	
	
	0.06
	0.19
	
	
	0.13
	
	12.3
	
	
	0.06
	0.06
	
	0.31
	
	0.31
	
	1.44
	
	
	0.13
	0.13
	
	0.13

	
	
	5
	23.7
	
	
	
	
	
	0.81
	0.50
	0.31
	0.19
	0.19
	0.31
	0.06
	0.13
	
	0.13
	0.44
	5.94
	
	0.19
	
	
	
	0.19
	
	0.81
	
	1.63
	0.06
	4.63
	0.75
	0.06
	0.25
	0.31

	
	Franklands West
	2
	7.00
	
	
	
	
	
	0.31
	
	
	0.06
	0.63
	0.06
	1.13
	
	
	0.19
	
	0.19
	0.06
	
	5.44
	
	
	0.06
	
	0.31
	
	19.4
	0.06
	0.81
	
	
	
	0.06

	
	
	5
	0.19
	
	
	
	
	
	0.25
	
	
	0.13
	
	
	
	
	
	0.06
	
	0.06
	
	
	2.44
	
	
	
	
	
	
	46.5
	
	
	
	
	
	

	
	High East
	2
	24.3
	
	
	0.06
	
	
	0.81
	0.13
	0.94
	
	0.38
	0.19
	0.25
	0.19
	
	0.06
	
	8.56
	
	
	
	0.06
	
	0.38
	
	0.25
	
	3.69
	
	
	
	1.06
	0.38
	0.38

	
	
	5
	11.19
	
	
	0.13
	
	
	1.31
	0.19
	0.56
	
	0.31
	0.19
	0.56
	0.13
	
	0.31
	
	8.69
	
	
	
	
	
	0.81
	
	0.69
	0.06
	19.4
	0.19
	
	0.50
	
	0.13
	0.88

	
	High West
	2
	7.06
	
	0.06
	0.06
	
	
	0.19
	0.38
	
	0.25
	0.13
	0.38
	3.56
	0.25
	
	0.19
	0.19
	1.94
	0.13
	
	0.06
	0.25
	
	0.06
	
	0.44
	0.31
	38.9
	0.38
	
	
	
	
	0.63

	
	
	5
	1.50
	
	
	0.38
	
	
	0.19
	0.69
	0.56
	0.13
	0.25
	0.25
	2.64
	
	0.06
	0.06
	0.38
	0.13
	
	0.19
	0.44
	1.32
	
	0.56
	
	0.13
	
	14.2
	
	
	
	
	
	1.88





Table A 5 continued
	sub/Region
	Reef
	DEPTH
	Acropora
	Alveopora
	Caulastrea
	Cyphastrea
	Diploastrea
	Echinophyllia
	Echinopora
	Favia
	Favites
	Fungia
	Galaxea
	Goniastrea
	Goniopora
	Hydnophora
	Leptoseris
	Lobophyllia
	Merulina
	Montipora
	Mycedium
	Oxypora
	Pachyseris
	Pavona
	Pectinia
	Platygyra
	Pleisiastrea
	Pocillopora
	Podobacia
	Porites
	Psammocora
	Seriatopora
	Stylophora
	Symphyllia
	Turbinaria
	Other

	Herbert Tully
	Barnards
	2
	16.0
	
	
	0.13
	
	
	
	
	0.06
	
	0.13
	
	
	
	
	
	
	8.26
	
	
	0.06
	
	
	0.31
	
	0.69
	
	0.13
	
	
	
	
	0.38
	

	
	
	5
	8.31
	
	
	0.75
	
	0.50
	0.13
	0.50
	0.13
	
	0.13
	
	0.38
	0.25
	
	0.19
	0.06
	10.8
	0.06
	0.25
	
	
	
	
	
	1.50
	0.06
	1.13
	0.13
	0.31
	0.44
	
	1.00
	0.13

	
	Dunk North
	2
	1.13
	
	
	0.88
	
	
	0.13
	0.25
	0.13
	
	0.31
	0.19
	
	0.19
	
	
	0.06
	2.38
	
	
	
	
	
	0.25
	0.13
	0.63
	
	0.44
	0.13
	
	
	
	1.00
	0.44

	
	
	5
	0.75
	0.13
	
	0.44
	
	0.25
	
	0.50
	0.69
	
	0.06
	0.19
	0.13
	
	
	0.25
	
	3.88
	
	0.06
	
	
	
	0.19
	0.06
	0.63
	
	0.25
	0.06
	
	0.06
	
	1.19
	0.19

	
	Dunk South
	2
	2.06
	
	
	1.00
	
	
	
	0.63
	0.19
	0.06
	0.69
	0.19
	0.06
	
	
	0.44
	
	0.88
	
	
	
	0.63
	
	
	
	
	
	2.13
	0.44
	
	
	
	0.50
	0.31

	
	
	5
	0.50
	
	
	1.06
	
	0.25
	0.63
	3.25
	1.38
	0.06
	0.25
	0.94
	0.56
	0.13
	0.06
	0.63
	3.19
	2.19
	2.25
	0.63
	4.01
	0.25
	0.63
	0.88
	
	0.19
	0.31
	2.19
	
	
	0.06
	
	3.32
	0.31

	
	Bedarra
	2
	2.06
	
	
	0.44
	
	
	
	0.81
	0.56
	
	0.25
	0.06
	0.25
	0.25
	
	0.75
	
	0.63
	
	0.06
	
	0.06
	
	0.25
	0.13
	
	0.19
	4.38
	
	
	
	0.19
	1.00
	0.56

	
	
	5
	0.38
	
	
	0.06
	
	
	
	2.88
	0.44
	
	
	0.06
	2.44
	
	
	1.31
	0.25
	0.38
	0.13
	0.19
	0.38
	0.25
	
	0.13
	0.06
	
	0.13
	3.38
	
	
	0.06
	0.13
	0.44
	0.25

	Burdekin
	Palms East
	2
	0.94
	
	
	
	
	
	
	0.13
	0.25
	
	
	0.06
	
	
	
	
	
	0.69
	
	
	
	
	
	
	
	
	
	0.25
	0.06
	
	
	
	
	0.25

	
	
	5
	0.38
	
	
	0.06
	
	
	
	
	0.13
	
	0.06
	
	
	
	
	
	
	0.75
	
	
	
	
	
	0.06
	
	0.06
	
	0.88
	
	
	
	
	
	0.44

	
	Palms West
	2
	3.75
	
	
	
	
	
	0.19
	
	0.44
	
	
	0.06
	0.06
	
	
	0.06
	
	0.38
	
	
	0.06
	0.06
	
	
	
	3.44
	
	0.44
	
	
	
	
	
	0.31

	
	
	5
	1.50
	
	
	
	
	0.06
	0.06
	0.06
	0.25
	0.25
	
	0.06
	0.75
	
	
	0.25
	
	1.06
	
	
	
	0.13
	0.06
	0.25
	
	0.31
	
	2.31
	0.06
	
	
	
	
	0.75

	
	Havannah North
	5
	0.90
	
	
	0.03
	
	0.17
	
	
	
	0.07
	0.17
	0.13
	0.07
	0.13
	
	
	
	0.57
	0.17
	0.07
	
	0.03
	
	
	
	
	
	0.20
	0.17
	0.20
	0.13
	
	0.10
	0.03

	
	Havannah
	2
	38.9
	
	
	0.13
	
	
	0.88
	0.38
	0.06
	
	0.50
	0.31
	0.19
	0.06
	
	0.19
	0.19
	4.88
	
	
	
	0.06
	
	0.69
	
	0.25
	0.19
	3.13
	
	
	0.44
	0.25
	1.38
	

	
	
	5
	3.26
	
	0.25
	0.13
	0.88
	
	1.07
	0.31
	0.31
	1.38
	0.88
	0.44
	0.25
	
	
	0.56
	1.94
	1.85
	0.06
	0.69
	1.00
	0.31
	0.25
	0.31
	
	0.25
	0.13
	0.94
	0.13
	
	0.76
	0.06
	1.88
	1.38

	
	Pandora North
	5
	1.23
	
	0.07
	0.10
	
	0.03
	0.53
	0.13
	0.07
	0.73
	1.50
	
	14.7
	0.07
	0.87
	0.17
	0.50
	1.07
	0.60
	0.37
	2.43
	0.63
	0.37
	0.13
	
	0.20
	0.10
	7.07
	0.23
	0.03
	
	0.03
	4.23
	0.20

	
	Pandora
	2
	0.75
	
	
	
	
	
	
	
	0.19
	
	
	
	
	
	
	
	
	0.06
	
	
	
	
	
	
	0.31
	
	
	1.94
	
	
	
	
	0.06
	

	
	
	5
	1.00
	
	
	0.06
	2.00
	
	
	0.63
	0.13
	0.06
	0.19
	
	0.06
	0.19
	
	
	0.19
	0.31
	
	
	
	
	
	0.94
	
	
	
	
	
	
	
	
	0.06
	0.56

	
	Lady Elliot
	2
	1.25
	
	
	0.06
	
	
	
	
	0.06
	1.19
	1.44
	
	0.06
	
	
	0.13
	
	1.13
	
	0.06
	
	1.31
	
	
	0.13
	
	
	0.88
	
	
	
	
	0.69
	0.06

	
	
	5
	0.44
	0.25
	
	0.06
	
	
	
	1.00
	1.13
	
	10.8
	
	1.38
	0.81
	
	1.69
	0.44
	
	1.75
	0.06
	1.56
	
	0.38
	0.25
	
	
	0.94
	3.81
	0.44
	
	
	
	0.31
	0.13

	
	Magnetic
	2
	1.00
	
	
	0.50
	
	
	0.13
	0.19
	0.56
	0.06
	0.19
	
	0.19
	
	
	
	0.25
	6.25
	
	
	0.31
	0.38
	
	
	0.19
	
	
	1.25
	0.25
	
	
	
	1.94
	0.25

	
	
	5
	1.25
	
	
	0.50
	
	
	0.06
	3.31
	0.75
	0.06
	0.38
	0.13
	2.53
	0.75
	
	0.19
	1.50
	1.25
	0.75
	0.69
	2.13
	0.19
	0.25
	1.31
	0.25
	0.06
	2.00
	1.50
	
	
	0.06
	
	1.75
	1.13



Table A 5 continued
	sub/Region
	Reef
	DEPTH
	Acropora
	Alveopora
	Caulastrea
	Cyphastrea
	Diploastrea
	Echinophyllia
	Echinopora
	Favia
	Favites
	Fungia
	Galaxea
	Goniastrea
	Goniopora
	Hydnophora
	Leptoseris
	Lobophyllia
	Merulina
	Montipora
	Mycedium
	Oxypora
	Pachyseris
	Pavona
	Pectinia
	Platygyra
	Pleisiastrea
	Pocillopora
	Podobacia
	Porites
	Psammocora
	Seriatopora
	Stylophora
	Symphyllia
	Turbinaria
	Other

	Mackay Whitsunday
	Hayman
	5
	3.83
	
	0.03
	
	1.90
	0.17
	1.33
	0.90
	0.50
	0.07
	0.10
	0.63
	0.23
	
	
	0.57
	2.30
	11.6
	0.53
	0.83
	3.13
	0.17
	0.73
	0.50
	
	0.20
	
	2.13
	
	1.80
	0.03
	0.20
	0.23
	0.50

	
	Langford
	5
	2.67
	
	
	0.07
	0.80
	
	1.50
	1.30
	0.43
	
	
	0.50
	6.10
	0.23
	
	0.70
	0.17
	1.13
	0.07
	0.03
	0.10
	3.00
	0.43
	0.10
	
	0.13
	0.03
	4.13
	
	0.20
	0.03
	
	0.13
	1.20

	
	Border
	5
	2.97
	
	
	0.17
	0.43
	0.20
	0.33
	1.20
	0.37
	0.10
	0.10
	0.40
	11.5
	0.60
	
	1.23
	0.30
	1.17
	0.33
	0.67
	0.50
	0.47
	1.07
	0.57
	
	0.23
	
	5.43
	
	0.97
	0.33
	0.03
	0.27
	0.63

	
	Hook
	2
	2.69
	
	
	
	1.13
	
	0.19
	0.44
	1.63
	0.06
	0.06
	0.31
	0.13
	
	0.38
	
	0.25
	2.32
	
	0.25
	0.57
	
	
	0.25
	
	0.06
	
	5.08
	
	
	1.06
	
	1.56
	0.50

	
	
	5
	2.56
	
	
	0.19
	0.19
	
	0.25
	1.31
	0.19
	
	0.19
	0.50
	3.56
	0.06
	
	0.50
	
	3.69
	
	0.06
	1.00
	0.81
	0.06
	0.50
	
	0.06
	
	8.81
	
	
	0.13
	
	1.31
	1.81

	
	Double Cone
	2
	34.3
	0.38
	
	0.06
	
	0.13
	1.31
	0.06
	
	0.06
	5.44
	0.31
	3.94
	0.25
	
	0.88
	1.75
	5.56
	
	0.13
	0.25
	
	0.75
	0.31
	
	0.31
	
	0.63
	
	
	
	
	1.19
	

	
	
	5
	5.38
	0.13
	
	0.19
	0.94
	
	0.69
	0.19
	0.50
	0.13
	2.06
	
	48.4
	
	
	1.69
	0.25
	0.06
	
	0.25
	0.63
	1.13
	1.06
	
	0.19
	0.06
	0.06
	4.06
	
	
	
	
	
	0.13

	
	Daydream
	2
	16.6
	
	
	
	
	
	0.25
	
	
	0.06
	
	0.06
	0.13
	
	
	0.69
	0.06
	0.94
	0.25
	0.56
	0.25
	
	0.38
	
	
	0.38
	0.13
	1.38
	
	
	
	
	
	0.25

	
	
	5
	16.6
	
	
	
	
	
	0.31
	0.38
	
	0.06
	0.06
	0.19
	
	
	
	0.25
	
	4.25
	0.75
	0.25
	
	
	0.50
	0.19
	
	
	0.06
	3.13
	
	0.75
	0.19
	
	
	0.31

	
	Dent
	2
	27.9
	
	
	0.31
	
	
	0.88
	0.06
	
	
	1.63
	0.19
	4.33
	
	0.19
	1.88
	1.75
	0.56
	
	
	0.25
	2.31
	2.88
	0.06
	
	
	
	11.1
	0.19
	
	0.31
	
	1.13
	0.56

	
	
	5
	18.7
	0.19
	
	
	
	0.13
	0.81
	0.38
	0.25
	0.06
	1.69
	0.19
	12.6
	0.19
	1.19
	1.50
	1.44
	0.81
	0.31
	2.94
	2.06
	0.38
	2.51
	0.31
	
	0.06
	0.31
	2.25
	
	
	0.44
	
	0.06
	1.06

	
	Shute Harbour
	2
	31.1
	
	0.38
	0.06
	
	
	
	0.31
	0.25
	
	0.13
	
	3.63
	0.38
	
	0.63
	0.31
	3.19
	0.75
	0.56
	0.06
	0.63
	1.00
	0.25
	
	0.81
	
	0.31
	0.06
	0.06
	0.31
	
	0.06
	0.88

	
	
	5
	8.00
	
	
	0.13
	0.31
	0.06
	
	0.06
	0.19
	
	0.38
	0.31
	3.19
	
	
	1.38
	0.56
	3.13
	0.69
	1.63
	0.25
	0.06
	2.06
	
	
	
	0.32
	1.19
	
	
	0.38
	
	0.13
	1.38

	
	Pine
	2
	6.81
	
	
	0.06
	
	
	0.06
	0.19
	0.19
	0.13
	21.6
	0.06
	0.25
	0.50
	0.06
	1.38
	0.69
	7.63
	0.13
	1.25
	0.94
	
	3.06
	
	
	0.81
	0.31
	2.63
	
	
	
	
	0.06
	0.38

	
	
	5
	1.75
	
	
	
	
	1.25
	0.31
	0.38
	0.13
	0.13
	8.34
	0.13
	2.88
	0.19
	0.31
	2.32
	0.13
	3.94
	1.75
	2.00
	5.14
	
	5.95
	
	
	
	1.19
	1.00
	
	
	
	
	0.13
	1.69

	
	Seaforth
	2
	0.81
	0.31
	
	
	
	
	0.31
	0.50
	1.00
	0.13
	0.06
	0.19
	1.94
	0.06
	
	0.56
	0.06
	0.13
	
	
	0.25
	6.50
	
	0.06
	
	0.31
	0.19
	6.69
	
	
	
	
	0.06
	0.88

	
	
	5
	0.25
	
	0.31
	
	0.50
	
	0.06
	0.32
	0.13
	0.06
	0.06
	0.56
	5.69
	0.06
	
	0.19
	
	0.70
	
	0.13
	0.13
	0.69
	
	0.32
	
	
	0.13
	1.78
	
	
	
	
	0.38
	0.81





Table A 5 continued
	Sub/Region
	Reef
	Depth
	Acropora
	Alveopora
	Caulastrea
	Cyphastrea
	Diploastrea
	Echinophyllia
	Echinopora
	Favia
	Favites
	Fungia
	Galaxea
	Goniastrea
	Goniopora
	Hydnophora
	Leptoseris
	Lobophyllia
	Merulina
	Montipora
	Mycedium
	Oxypora
	Pachyseris
	Pavona
	Pectinia
	Platygyra
	Pleisiastrea
	Pocillopora
	Podobacia
	Porites
	Psammocora
	Seriatopora
	Stylophora
	Symphyllia
	Turbinaria
	Other

	Fitzroy
	Barren
	2
	5.88
	
	
	
	
	
	
	
	
	
	
	0.38
	
	
	
	
	
	5.63
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.25

	
	
	5
	31.9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.75
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	North Keppel
	2
	26.2
	
	
	
	
	
	
	
	
	1.69
	
	0.06
	
	
	
	
	
	1.13
	
	
	
	
	
	
	
	
	
	
	0.13
	
	
	
	
	

	
	
	5
	9.00
	
	
	
	
	
	
	
	
	0.50
	
	
	
	
	
	
	
	0.69
	
	
	
	
	
	
	
	
	
	
	0.31
	
	
	
	
	

	
	Middle
	2
	21.8
	
	
	
	
	
	
	
	
	0.56
	
	
	
	
	
	
	
	1.94
	
	
	
	
	
	0.25
	
	0.25
	
	
	
	
	
	
	
	

	
	
	5
	9.94
	
	
	
	
	
	
	
	
	0.75
	
	
	
	
	
	
	
	0.63
	
	
	
	
	
	0.63
	
	0.38
	
	0.13
	
	
	
	
	0.13
	

	
	Keppels South
	2
	7.25
	
	
	
	
	
	
	
	
	0.06
	
	
	
	
	
	
	
	1.07
	
	
	
	
	
	
	
	0.63
	
	
	
	
	
	
	
	

	
	
	5
	28.4
	
	
	0.13
	
	
	
	
	
	
	
	
	
	
	
	0.06
	
	0.75
	
	
	
	
	
	
	
	0.38
	
	
	
	
	
	
	
	

	
	Pelican
	2
	0.06
	
	
	0.06
	
	
	
	
	
	
	
	
	0.06
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.13
	
	
	
	
	0.06

	
	
	5
	
	2.69
	
	0.13
	
	
	
	0.13
	2.88
	
	
	0.94
	1.13
	0.13
	
	0.06
	
	
	
	
	
	
	
	0.13
	0.19
	
	
	0.19
	0.56
	
	
	
	2.47
	0.63

	
	Peak
	2
	
	
	
	0.56
	
	
	
	0.06
	0.81
	
	
	
	0.19
	
	
	
	
	0.06
	
	
	
	
	
	
	4.32
	
	
	0.31
	1.88
	
	
	
	0.06
	0.06

	
	
	5
	
	1.00
	
	1.88
	
	
	
	0.25
	3.88
	
	
	0.25
	0.81
	1.00
	
	
	
	0.25
	
	
	
	
	
	0.06
	1.81
	
	
	0.75
	8.38
	
	
	
	1.13
	0.19





[bookmark: _Ref460423891][bookmark: _Toc437424467][bookmark: _Toc437424591][bookmark: _Toc437432520][bookmark: _Toc460491688]Table A 6: Composition of soft coral communities. 
Percentage cover of common soft corals families 2015 , presented are genera for which cover exceeded 0.25% on at least one reef, rare or unidentified genera are grouped to ‘Other’.
	Sub/Region
	
Reef
	Depth
	Alcyoniidae
	Anthothelidae
	Briareidae
	Clavulariinae
	Helioporidae
	Isidae
	Nephtheidae
	Xeniidae
	Gorgoniidae like
	Other

	Barron
Daintree
	Snapper North
	2
	0.02
	
	1.63
	1.04
	
	
	
	
	
	

	
	
	5
	0.01
	
	0.19
	0.03
	
	
	
	0.22
	
	

	
	Snapper South
	2
	0.37
	
	0.79
	0.02
	2.42
	
	
	
	
	0.06

	
	
	5
	0.01
	
	8.13
	
	6.13
	
	
	
	0.09
	

	
	Low Isles
	5
	0.65
	
	9.30
	
	0.13
	
	0.00
	0.00
	0.03
	

	Johnstone- Russel-Mulgrave
	Green
	5
	0.59
	
	0.23
	
	
	0.23
	0.00
	0.02
	0.03
	0.03

	
	Fitzroy West LTMP
	5
	3.20
	
	0.47
	
	
	
	
	0.01
	0.03
	0.03

	
	Fitzroy West
	2
	4.32
	
	0.25
	
	
	
	
	
	
	

	
	
	5
	3.55
	
	
	
	
	
	
	
	
	

	
	Fitzroy East
	2
	0.24
	
	0.56
	0.72
	
	
	0.05
	
	
	

	
	
	5
	0.53
	
	4.38
	0.78
	
	
	0.01
	
	
	

	
	High East
	2
	0.76
	
	7.19
	0.16
	
	
	0.01
	
	
	0.03

	
	
	5
	0.03
	
	8.94
	
	
	
	
	0.01
	
	

	
	High West
	2
	0.33
	
	
	
	3.00
	
	
	
	
	

	
	
	5
	0.22
	
	0.75
	
	0.63
	
	
	
	
	

	
	Franklands East
	2
	0.12
	
	0.19
	
	0.06
	
	
	0.02
	
	

	
	
	5
	0.45
	
	0.44
	
	
	
	
	
	
	

	
	Franklands West
	2
	1.33
	
	
	6.31
	0.06
	
	
	
	
	

	
	
	5
	0.19
	
	
	0.06
	
	
	
	
	
	

	Herbert-Tully
	Barnards
	2
	0.03
	
	0.25
	
	
	
	
	
	
	

	
	
	5
	0.08
	
	1.63
	
	
	
	
	0.08
	
	0.25

	
	King
	2
	
	
	
	
	
	
	
	
	
	

	
	
	5
	0.22
	0.03
	0.06
	
	
	
	0.01
	0.02
	
	0.13

	
	Dunk North
	2
	0.03
	
	
	0.09
	
	
	0.01
	0.01
	
	0.03

	
	
	5
	0.01
	
	0.06
	
	
	
	0.05
	0.04
	0.06
	

	
	Dunk South
	2
	0.02
	
	0.44
	0.09
	
	
	
	
	
	

	
	
	5
	0.01
	
	2.19
	
	0.06
	
	
	
	
	

	
	Bedarra
	2
	
	
	
	
	
	
	
	
	
	

	
	
	5
	0.08
	0.06
	1.50
	
	
	
	
	
	0.13
	



  Table A 6 continued
	Sub/Region
	
Reef
	Depth
	Alcyoniidae
	Anthothelidae
	Briareidae
	Clavulariinae
	Helioporidae
	Isidae
	Nephtheidae
	Xeniidae
	Gorgoniidae like
	Other

	Burdekin
	Palms West
	2
	2.23
	
	0.25
	0.34
	
	
	0.40
	0.03
	0.44
	

	
	
	5
	2.70
	
	4.88
	0.31
	
	
	0.21
	
	0.03
	

	
	Palms East
	2
	0.17
	
	
	
	
	
	
	
	
	

	
	
	5
	0.10
	
	
	
	
	
	
	
	
	

	
	Lady Elliot
	2
	0.03
	
	
	
	
	
	
	
	
	0.13

	
	
	5
	0.01
	
	
	
	
	
	
	
	
	0.06

	
	Pandora
	2
	0.01
	
	
	
	
	
	
	
	
	

	
	
	5
	
	
	
	0.06
	
	
	
	
	0.06
	

	
	Pandora North
	5
	0.12
	
	5.00
	1.67
	
	
	0.02
	
	0.13
	0.03

	
	Havannah
	2
	0.15
	
	2.44
	
	
	
	
	
	
	

	
	
	5
	0.08
	
	5.88
	
	
	
	
	
	
	0.06

	
	Havannah North
	5
	0.04
	
	1.03
	0.03
	
	
	
	
	
	0.03

	
	Magnetic
	2
	
	
	0.06
	
	
	
	
	
	
	

	
	
	5
	0.10
	0.06
	0.31
	
	
	
	
	0.01
	0.06
	

	
	Middle Rf

	2
	0.43
	
	
	
	
	
	0.01
	
	1.23
	0.37

	Mackay Whitsunday
	Hayman
	5
	1.16
	
	1.63
	
	
	
	0.06
	
	
	0.07

	
	Langford

	5
	2.00
	
	0.43
	
	
	
	0.04
	0.00
	
	0.13

	
	Double Cone
	2
	1.16
	
	4.63
	
	
	
	
	
	
	0.03

	
	
	5
	0.21
	0.03
	2.06
	
	
	
	0.02
	
	
	

	
	Hook
	2
	2.51
	
	1.82
	
	
	
	
	
	
	0.06

	
	
	5
	1.44
	0.03
	1.25
	
	
	
	0.02
	
	
	

	
	Border
	5
	2.86
	
	0.30
	
	
	
	0.02
	0.01
	
	

	
	Daydream
	2
	1.03
	
	0.06
	
	
	
	
	
	
	

	
	
	5
	0.40
	
	
	
	
	
	
	
	
	

	
	Shute Harbour
	2
	1.93
	0.03
	0.13
	
	
	
	0.02
	0.05
	
	

	
	
	5
	1.18
	0.03
	
	
	
	
	0.03
	0.01
	
	

	
	Dent
	2
	0.67
	
	2.82
	
	
	
	
	
	
	

	
	
	5
	0.24
	
	0.25
	
	
	
	0.01
	
	
	

	
	Pine
	2
	0.13
	
	0.94
	
	
	
	
	
	
	

	
	
	5
	0.31
	
	0.50
	
	
	
	
	
	0.06
	

	
	Seaforth
	2
	0.68
	0.06
	1.25
	
	
	
	
	
	
	

	
	
	5
	0.09
	1.34
	0.19
	
	
	
	0.02
	
	
	


Table A 6 continued
	Sub/Region
	
Reef
	Depth
	Alcyoniidae
	Anthothelidae
	Briareidae
	Clavulariinae
	Helioporidae
	Isidae
	Nephtheidae
	Xeniidae
	Gorgoniidae like
	Other

	Fitzroy
	North Keppel
	2
	
	
	
	
	
	
	
	
	
	

	
	
	5
	0.03
	
	
	
	
	
	
	
	
	

	
	Barren
	2
	0.03
	
	
	
	
	
	
	
	
	

	
	
	5
	
	
	
	
	
	
	
	0.45
	
	

	
	Middle
	2
	
	
	
	
	
	
	
	
	
	

	
	
	5
	0.04
	
	
	
	
	
	
	
	
	

	
	Keppels South
	2
	0.03
	
	
	
	
	
	
	
	
	

	
	
	5
	
	
	
	
	
	
	
	0.01
	
	

	
	Pelican
	2
	
	0.03
	
	
	
	
	
	
	
	

	
	
	5
	0.62
	0.50
	
	0.06
	
	0.81
	
	0.02
	0.25
	

	
	Peak
	2
	0.01
	0.09
	
	
	
	
	0.01
	
	
	

	
	
	5
	0.15
	0.06
	
	0.09
	
	0.13
	0.05
	0.02
	
	




[bookmark: _Ref460423904][bookmark: _Toc342644684][bookmark: _Toc437424468][bookmark: _Toc437424592][bookmark: _Toc437432521][bookmark: _Toc460491689][bookmark: _Toc311284554][bookmark: _Toc311371441]Table A 7: Composition of macroalgal communities.
 Common genera and families (% cover) 2015, presented are genera for which cover exceeded 0.5% on at least one reef, rare or unidentified genera are grouped to ‘Other’.
	Sub/region
	
Reef
	Depth
	Rhodophyta (red algae)
	Chlorophyta (green algae)
	Phaeophyta (brown algae)

	
	
	
	Hypnea
	Peyssonnelia
	Calcareous 
	Asparagopsis
	Other 
	Neomeris
	Caulerpa
	Halimeda
	Other 
	Stypopodium
	Spatoglossum
	Padina
	Dictyota
	Lobophora
	Sargassum
	Other 

	Baron Daintree
	Snapper North
	2
	0.42
	1
	8.71
	10.2
	3.83
	0
	0.71
	2.54
	0.08
	0
	0
	1.04
	14.7
	0
	0
	0.29

	
	
	5
	0
	0.06
	0.06
	0.13
	0.25
	0
	0
	0.19
	0
	0
	0
	0.19
	5
	0
	0
	0.19

	
	Snapper South
	2
	0.33
	0
	0.29
	0
	0.75
	0
	0
	0
	0.13
	0
	0
	0
	0.04
	0
	0
	0

	
	
	5
	3.38
	0.38
	0.81
	0
	3.69
	0
	0
	0
	0.13
	0
	0
	0
	1.13
	0
	0
	0

	
	Low Isles
	5
	0.07
	0
	0
	0
	0.43
	0
	0
	0
	0.07
	0
	0
	0
	0
	0
	0
	0.13

	Johnstone Russel-Mulgrave
	Fitzroy East
	2
	0
	0
	0
	0
	0.38
	0
	0.25
	0
	0.06
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0
	0.19
	0
	0
	0.38
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Fitzroy West
	2
	0.06
	0.06
	0
	0
	0.25
	0
	0.06
	0.31
	0.38
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0.13
	0
	0
	0
	0.13
	0
	0
	0.19
	0.13
	0
	0
	0
	0
	0.06
	0
	0

	
	Fitzroy West LTMP
	5
	0
	0.03
	0
	0
	0.17
	0
	0
	0
	0.03
	0
	0
	0
	0
	0
	0
	0.17

	
	Franklands East
	2
	3.5
	0.13
	1.44
	0.56
	1.44
	0
	1.31
	0.13
	0.44
	0
	0
	0.44
	0.13
	0
	0
	1

	
	
	5
	0.81
	0
	1.81
	1.81
	1.63
	0
	0.5
	0
	0.25
	0
	0
	0.5
	0
	0
	0
	0.31

	
	Franklands West
	2
	0.69
	0.06
	0.69
	0
	1.75
	0
	0
	0.06
	0
	0
	0
	0
	0
	0.06
	0
	0

	
	
	5
	0.13
	0.19
	0.25
	0
	3.01
	0
	0
	0.19
	0
	0
	0
	0
	0
	0
	0
	0

	
	High East
	2
	0.31
	0.25
	0
	0
	0.44
	0
	0
	0
	0.06
	0
	0
	0
	0
	0
	0
	0.06

	
	
	5
	0.5
	0
	0
	0
	0.13
	0
	0
	0
	0.06
	0
	0
	0
	0.06
	0
	0
	0

	
	High West
	2
	0.81
	0
	0.06
	0
	1.13
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0
	0
	0
	0
	0.88
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Green
	5
	0
	0
	0.03
	0
	2.27
	0
	0
	0.37
	0.07
	0
	0
	0
	0
	0
	0
	0.4





Table A 7 continued
	Sub/region
	
Reef
	Depth
	Rhodophyta (red algae)
	Chlorophyta (green algae)
	Phaeophyta (brown algae)

	
	
	
	Hypnea
	Peyssonnelia
	Calcareous 
	Asparagopsis
	Other 
	Neomeris
	Caulerpa
	Halimeda
	Other 
	Stypopodium
	Spatoglossum
	Padina
	Dictyota
	Lobophora
	Sargassum
	Other 

	Herbert Tully
	Barnards
	2
	0.19
	0.13
	0.25
	0.13
	0.75
	0
	1.31
	0
	0.75
	0
	0
	0.13
	2.19
	0.69
	0.56
	0.69

	
	
	5
	0
	0.31
	0.19
	0.06
	0.44
	0
	0
	0.06
	0
	0
	0
	0
	0.5
	0
	0
	0.25

	
	Bedarra
	2
	1.25
	0.19
	1.25
	0
	1.56
	0
	0.06
	0
	0.31
	0
	0
	0.19
	1.56
	2.75
	8.88
	2.38

	
	
	5
	0
	0.31
	0
	0
	0.13
	0
	0
	0
	0
	0
	0
	0
	1
	0.19
	0.06
	0.25

	
	Dunk North
	2
	0.06
	0.13
	0.25
	0
	3.88
	0.94
	0
	0
	0.56
	0
	0
	0.13
	0.75
	3.31
	15.13
	0.25

	
	
	5
	0
	0.38
	0.5
	0
	3.19
	0
	0.06
	0
	0.25
	0
	0
	0
	1.06
	1.25
	1.38
	0.13

	
	Dunk South
	2
	0
	0.06
	1.44
	0
	3.63
	0
	0
	0
	0.38
	0.69
	0.13
	0.25
	1.38
	8.25
	21.44
	0.94

	
	
	5
	0
	0.13
	0.06
	0
	1
	0
	0
	0
	0.06
	0
	0
	0.13
	0.5
	2.25
	0.13
	0

	Burdekin
	Palms East
	2
	0
	0
	0
	0
	0
	0
	0
	0
	2.5
	0
	0
	0
	0.13
	0
	0
	0.13

	
	
	5
	0
	0
	0.63
	0
	0.25
	0
	0
	0
	6.81
	0
	0
	0
	0
	0
	0
	0

	
	Palms West
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0
	0
	0
	0
	0.06
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Lady Elliot
	2
	4.94
	4.69
	0.25
	0
	3.31
	0
	0
	0
	0
	0
	0
	0.06
	0.44
	0.13
	0.06
	0.31

	
	
	5
	0
	1.5
	0
	0
	2.88
	0
	0
	0
	0
	0
	0
	0
	0.44
	0
	0
	0.31

	
	Pandora
	2
	0
	0
	0
	1.31
	0.13
	0
	0
	0
	0.38
	0
	0
	0.38
	0.81
	3.44
	26.89
	2.75

	
	
	5
	0
	0
	0
	3.56
	0.56
	0
	0
	0
	0.13
	0
	0
	0.31
	1.81
	4.69
	2.31
	0.25

	
	Pandora North
	5
	0
	0.07
	0.03
	1.23
	1.13
	0
	0
	0
	0.17
	0
	0
	0.17
	1.67
	5.2
	3.67
	0.7

	
	Havannah
North
	5
	0
	0.06
	0
	0
	0
	0
	0
	0
	0.56
	0.13
	0
	0
	0
	0.19
	0.06
	0.06

	
	Magnetic
	2
	0
	0.25
	0
	0
	0.38
	0
	0
	0
	4.38
	0.06
	0.19
	0.13
	3.25
	8
	4.69
	1

	
	
	5
	0
	0
	0.07
	4.2
	0.93
	0.03
	0.33
	0.3
	0.4
	0
	0
	3.2
	1.07
	7.27
	4.57
	1

	
	
	5
	0
	0.5
	1
	0
	4.56
	0
	0
	0.06
	0.19
	0.13
	0
	0
	1.88
	8.06
	0.75
	0.81



Table A 7 continued
	Sub/region
	
Reef
	Depth
	Rhodophyta (red algae)
	Chlorophyta (green algae)
	Phaeophyta (brown algae)

	
	
	
	Hypnea
	Peyssonnelia
	Calcareous 
	Asparagopsis
	Other 
	Neomeris
	Caulerpa
	Halimeda
	Other 
	Stypopodium
	Spatoglossum
	Padina
	Dictyota
	Lobophora
	Sargassum
	Other 

	Mackay Whitsunday
	Double Cone
	2
	0.5
	0.5
	0.06
	0
	1.81
	0
	0
	0
	0
	0
	0
	0
	0.63
	13.06
	16.31
	1.06

	
	
	5
	0.06
	0.75
	0.63
	0
	2.88
	0
	0.06
	0
	0.13
	0
	0.06
	0
	6.63
	2.63
	9.06
	3.94

	
	Hook
	2
	0
	0
	0
	0
	0.06
	0
	0
	0
	0
	0
	0
	0
	0
	0.06
	0
	0

	
	
	5
	0
	0
	0
	0
	0.13
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Daydream
	2
	0
	0
	0
	0
	0.06
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0
	0
	0
	0
	0.38
	0
	0
	0
	0
	0
	0
	0
	0
	0.06
	0
	0

	
	Shute Harbour
	2
	0
	0.06
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.06
	0
	1.44
	0
	0

	
	
	5
	0
	0.06
	0
	0
	0.31
	0
	0
	0
	0
	0
	0
	0
	0
	0.75
	0
	0.13

	
	Pine
	2
	0
	0
	0.06
	0
	0.19
	0
	0
	0
	0
	0
	0
	0
	0
	0.44
	0
	0

	
	
	5
	0
	0
	0
	0
	0.63
	0
	0
	0
	0
	0
	0
	0
	0
	0.57
	0
	0

	
	Dent

	2
	0.44
	0.19
	0.19
	0
	2.38
	0
	0
	0
	0
	0
	0
	0.06
	0
	6.5
	3
	0

	
	
	5
	0
	0.44
	0
	0
	0.63
	0
	0
	0.06
	0
	0
	0
	0
	0.19
	7.5
	0.13
	0.13

	
	Seaforth
	2
	0
	0.31
	0.06
	0
	0
	0
	0
	0.06
	0.06
	0
	0
	0
	0
	0
	0
	0

	
	
	5
	0
	0.44
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.25
	0
	0

	
	Border
	5
	3.88
	0.06
	1.25
	0
	2
	0
	0
	0
	0.31
	0
	0
	1.31
	0.13
	2.31
	2.13
	0.75

	
	Hayman
	5
	0
	0
	4.13
	0
	0.5
	0
	0.06
	0.06
	0
	0
	0
	0.44
	0.06
	4.19
	0.56
	0.06

	
	Langford
	5
	0
	0
	0
	0
	0.03
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0





Table A 7 continued
	Sub/region
	
Reef
	Depth
	Rhodophyta (red algae)
	Chlorophyta (green algae)
	Phaeophyta (brown algae)

	
	
	
	Hypnea
	Peyssonnelia
	Calcareous 
	Asparagopsis
	Other 
	Neomeris
	Caulerpa
	Halimeda
	Other 
	Stypopodium
	Spatoglossum
	Padina
	Dictyota
	Lobophora
	Sargassum
	Other 

	Fitzroy
	North Keppel
	2
	0
	0
	0
	0
	0.17
	0
	0
	0
	0.23
	0
	0
	0
	0
	0
	0
	0.17

	
	
	5
	0
	0
	0
	0
	0.07
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Middle
	2
	0
	3.2
	0.06
	0
	0.69
	0
	0
	0
	0
	0
	0
	0
	0
	29.59
	0.06
	1.51

	
	
	5
	0
	3
	0.25
	0
	0.5
	0
	0
	0
	0
	0
	0
	0
	0.06
	33.96
	0
	2.38

	
	Barren
	2
	0
	5.75
	0
	0
	0.5
	0
	0
	0
	0
	0
	0
	0
	0
	17.19
	0.06
	0.13

	
	
	5
	0
	5.88
	0
	0
	2.63
	0
	0
	0
	0.13
	0
	0
	0
	0.13
	22.25
	0.25
	0.38

	
	Keppels South
	2
	0
	0
	0
	0
	1.13
	0
	0
	0
	0
	0
	0
	0
	0
	0.25
	0
	0

	
	
	5
	0
	1.13
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	10.02
	0
	0

	
	Pelican
	2
	0
	8.07
	0.06
	1.06
	3.88
	0
	0
	0
	0
	0
	0
	0
	0.19
	19.82
	20.31
	1.88

	
	
	5
	0
	4.5
	0.06
	2.69
	4.94
	0
	0
	0
	0.13
	0
	0
	0
	0.69
	21.13
	0.19
	0.88

	
	Peak
	2
	0
	1.06
	3.81
	0
	3.69
	0
	0
	0
	0
	0.13
	1.75
	0.75
	7.19
	7.13
	32.5
	3

	
	
	5
	0
	0.5
	1
	0
	4.56
	0
	0
	0.06
	0.19
	0.13
	0
	0
	1.88
	8.06
	0.75
	0.81





[bookmark: _Toc437423865][bookmark: _Toc437424044][bookmark: _Toc437424330][bookmark: _Toc437432383]
[bookmark: _Ref460487629][bookmark: _Toc453243775][bookmark: _Toc460491405]Figure A 8: Cyclone exposure history
. a) Return times (years) of exposure to cyclone-generated seas sufficient to damage most coral colonies (wave height = 4metres) on the Great Barrier Reef, based on 1985-2015 cyclone data. b) For MMP reef locations, the number of years from 2015 since last exposure to cyclone-generated damaging seas, based on 1985-2015 cyclone data. Courtesy M. Puotinen. Methods described in Puotinen et al. (2016).
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[bookmark: _Toc437424331]
[bookmark: _Ref460491734][bookmark: _Toc453243776][bookmark: _Toc460491406][bookmark: _Toc437423866][bookmark: _Toc437424045][bookmark: _Toc437424332]Figure A 9: Exposure to plume type waters
. Panels represent the proportion of the wet season (December-March) that waters were classified as Primary secondary or tertiary plume types following Álvarez-Romero et al. (2013). From left to right the first three exposures represent long term wet season mean exposure 2003-2015, the second group of three represents exposures estimated for the 2014-2015 wet season only.

[bookmark: _Toc437423867][bookmark: _Toc437424046][bookmark: _Toc437424334]
[bookmark: _Ref460423998][bookmark: _Toc453243777][bookmark: _Toc460491407]Figure A 10: Temporal trends in water quality: Baron Daintree sub-region 
[bookmark: _Toc437424335][bookmark: _Toc437432387]water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015). Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).

[bookmark: _Toc437423868][bookmark: _Toc437424047][bookmark: _Toc437424336]
[bookmark: _Ref460485190][bookmark: _Toc453243778][bookmark: _Toc460491408]Figure A 11: Temporal trends in water quality: Johnstone Russell-Mulgrave sub-region
[bookmark: _Toc437424337]. a) water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015).Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).



[bookmark: _Ref460485539][bookmark: _Toc437423869][bookmark: _Toc437424048][bookmark: _Toc437424338][bookmark: _Toc453243779][bookmark: _Ref460485523][bookmark: _Toc460491409]Figure A 12: Temporal trends in water quality: Herbert Tully sub-region.
[bookmark: _Toc437424339] a) water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015).Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).
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[bookmark: _Ref460486266][bookmark: _Toc453243780][bookmark: _Toc460491410]Figure A 13: Temporal trends in water quality: Burdekin region.
[bookmark: _Toc437424341] a) water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015). Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).




[bookmark: _Toc437423871][bookmark: _Toc437424050][bookmark: _Toc437424342][bookmark: _Toc453243781][bookmark: _Toc460491411]Figure A 14: Temporal trends in water quality: Mackay Whitsundays region.
[bookmark: _Toc437424343][bookmark: _Toc437432395] a) water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015). Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).
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[bookmark: _Ref460424013][bookmark: _Toc453243782][bookmark: _Toc460491412][bookmark: _Toc437423872][bookmark: _Toc437424051][bookmark: _Toc437424345]Figure A 15: Temporal trends in water quality: Fitzroy region.
 a) water quality index, b) chlorophyll a, c) total suspended solids, d) nitrate/nitrite, e) secchi depth, f) particulate nitrogen, g) turbidity, h) particulate phosphorus, i) particulate organic carbon and j) dissolved organic carbon. Water quality index colour coding: dark green- ‘very good’; light green-‘good’; yellow – ‘moderate; orange – ‘poor’; red – ‘very poor’. The water quality index is the aggregate of variables plotted in b - h and calculated as described in Lønborg et al. (2015). Trends in POC and DOC values are plotted here (I, j); threshold levels have yet to be established. Trends in manually sampled water quality variables are represented by blue lines with blue shaded areas defining 95% confidence intervals of those trends, black dots represent observed data. Trends of records from ECO FLNTUSB instruments (b, g) are represented in red, individual records are not displayed. Dashed reference lines indicate guideline values (GBRMPA 2010). Extract from Lønborg et al. (2015).
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[bookmark: _Toc393133611][bookmark: _Toc279952192]Method performance and QAQC information for coral monitoring activities
Photo point intercept transects. 
The QA/QC for the estimation of cover of benthic communities has two components. The sampling strategy which uses permanently marked transects ensures estimates are derived from the same area of substratum each year to minimise possible sampling error. The second component is to ensure the consistency of identification of community components from digital photo images. All points are double-checked by a single observer on completion of analysis each year. This double-checking has now been done for all digital still photograph images in the database. All hard corals, soft corals and macroalgae were identified to at least genus level where image quality allowed. Other benthic groups were also checked and consistency in differentiation achieved. 
[bookmark: _Toc279952193]Juvenile coral belt transects. 
Two observers collected juvenile coral count data in 2014. Data from Snapper Is was supplied by Sea Research. The Sea Research observer, Tony Ayling, is the most experienced individual in Australia in surveying the benthic communities of inshore coral reefs. Like the AIMS observers, his taxonomic skills are complete at genus level and he used the same field protocols, pre-printed datasheets and data entry programs as AIMS observers. Prior to commencement of surveys observer standardisation for Tony Ayling included detailed discussion and demonstration of methodologies with the AIMS team. While we are confident that limited bias was introduced as a result of his participation, as the focus of the program is for temporal comparisons any bias between Tony Ayling and AIMS observers will not manifest in temporal comparisons at Snapper Is. All other reefs were surveyed by an experienced AIMS staff member. It must be acknowledged however that for some of the smallest size class <2cm identification to genus is impossible in the field, though for the most part this is the case for relatively rare taxa for which reference to nearby larger individuals cannot be made. All data are entered into the database and rechecked against field data sheets. 
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presentations associated with the Program 2014-15
Publications
Addison P, Walshe T, Sweatman H, Jonker M, MacNeil A, Thompson A, Logan M (2015) Towards an integrated monitoring program: Identifying indicators and existing monitoring programs to effectively evaluate the Long Term Sustainability Plan. Report to the National Environmental Science Programme. Reef and Rainforest Research Centre Limited, Cairns.
Presentations
Thompson A, Logan M (2015) Revising coral community condition indicators for the inshore Great Barrier Reef. Australian Coral Reef Society, July 2015.
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